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SVIC NOTES

“The trouble with the future is that it usually arrives before we're ready for it."”
-- Arnold H. Glasow

1981 is here and | think we are ready. This time of year is for reflecting and plan-
ning. As | look back at 1980 with some satisfaction, | see some trends that are
likely to influence our future actions. In this DIGEST, for example, there has been
a significant increase in the quantity of technical literature in our field, There were
nearly 21 percent more abstracts published in 1980 than in 1979, Either more
work is being done or there is more emphasis on publication, Whatever the reason,
this Center will have a bigger job of screening and analysis of the available litera-
ture.

The 51st Shock and Vibration Symposium was especially successful, Feedback
from some of the participants indicates that more new developments were pre-
sented than at most previous symposia. It was also evident that there was a greater
percentage of new participants than we usually have. Many of these, now just
beginning in our field, will replace the old timers as they fade form the scene.
| believe we have an obligation to our new associates to bring them up to date
on past developments, to provide all the background required for their pursuit
of exciting new problems. We must consider new ways of packaging past research
results so that such information may be absorbed with minimum effort,

At the 51st Symposium, SVIC was offered a chatlenge by Mr. Robert Dyt dahl of
Boeing, who gave an outstanding plenary address on sho~k. Bob suggested that we
should establish a document that will provide explanations, guidelines and methods
for establishing design loads and dynamics requirements and specifications for
necessary and sufticient qualifications for shock and vibration. This document
should be continually updated, with modifications or additions resulting from
discussions at each annual symposium. Such a publication would be a tool to pro-
vide increased confidence in our approaches to dynamics problems, the best of
which would be included as a part of the document, It would also be useful for on-
the-job training of new engineers. We have accepted the challenge and are now
exploring ways to accomplish this difficult task,

So, as we begin 1981, let's try to be ready for it. If you have any thoughts on how
this DIGEST or SVIC can serve the community better, please write to Dr. Eshleman

or me. My best wishes to all for a prosperous and successful year,

H.C.P.
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ANNUAL SERVICE PACKAGE' OF THE SHOCK

PUBLICATIONS

BULLETINS a collection of technical papers offered at the SHOCK AND VIBRATION
SYMPOSIA published once a year. Catalog listing back issues available from
Svic.

DIGEST a monthly publication of THE SHOCK AND VIBRATION INFORMATION

CENTER containing abstracts of the current literature, continuous literature
review, feature articles, news briefs, technical meeting calendar, meeting
news, and boouk reviews.

MONOGRA PHS a series of books on shock and vibration technology. Each author surveys the
literature, extracts significant material, standardizes the symbolism and
terminology and provides an authoritative condensed review with bibliog-
raphy. Brochure listing available monographs can be obtained from SVIC.

SPEC|AL special technology surveys, facility surveys, proceedings of special seminars

PUB LlCAT' ONS and other publications as needed.

*For information on obtaining the SVIC Service Pack.\ge including publications and services, contact the SV/C,
Naval Research Laboratory, Code 5804, Washington, D.C. 20375, (202} 767-3306. These publications and
services may also be obtained on an individual basis.




AND VIBRATION INFORMATION CENTER

INFORMATION SERVICES

DlRECT the Center handles requests for information via mail, telephone, and direct
INFORMATK)N contact. The Center technical specialists, who are experts in the shock and
SERVICE * vibration field, have the SVIC computer implemented SHOCK AND VIBRA-

TION INFORMATION BASE at their disposal.

WORKSHOPS workshops on shock and vibration technology are organized and sponsored
by the Center. Experts on specialized technology give lectures and write
articles for the workshop proceedings.

SYMPOS'A annual shock and vibration symposia bring together working scientists and
engineers for formal presentations of their papers and for informal informa-
tion exchanges.

*See inside back cover for details
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EDITORS RATTLE SPACE

CONTINUING EDUCATION WITH SEMINARS AND COURSES

The steadily increasing number of listings in the DIGEST section on short courses
indicates a formalization of continuing education for technically trained individuals
in industrial and governmental facilities. Previously engineers and technicians
learned new techniques and their application on the job and during their spare time,

The advent of a variety of engineering seminars and courses aimed at specific prob-
lem areas has increased the efficiency of technical training. Now an inexperienced
engineer or technician can not only learn but also practice old and new techniques
from experienced instructors. And most seminars and courses feature as speakers
engineers who have had many years of experience in their fields,

Seminars and courses are sponsored by such organizations as universities, societies,
and both profit and not-for-profit corporations. Highly qualified individuals have
even sponsored some events. As a result, education and training that were once
almost exclusively the domain of universities and colleges are available from other
sources. It is thus important that the individual considering attendance at a seminar
or course potential thoroughly check the content of the course or seminar prior to
registration. Course content varies not only in technical areas but also in depth
of presentation and application, Advertising brochures often fail to adequately
describe the material to be presented.

One benefit often overlooked in seminars and courses is the chance for communica-
tion among engineers and technicians from a variety of industries who have similar
problems. It is entirely possible that ideas exchanged could account for substantial
cost savings in routine facility operation,

There are thus several benefits possible to registrants of short courses and seminars
being offered. If your company has not yet utilized these sources of information
and training, | recommend that you investigate them.

R.L.E.




EVALUATION AND CONTROL OF THE EXHAUST NOISE
OF RECIPROCATING 1.C. ENGINES

M.L. Munjai®

Abstract. The paper reviews recent advances in the
analysis, design, and testing of exhaust mufflers for
reciprocating internal combustion engines. An outline
of specific areas needing further attention is given.

Unmuffled exhaust noise of present-day internal
combustion engines is at least 20 dB higher than
almost any other engine noise; an exception is heavy-
duty truck engines in which the engine noise is
generally of the same order [1]. As has been noted
[2, 3], most mufflers are of the reactive .ype - also
called reflective or nondissipative. They are so called
because the absorbing materials such as fiberglass
and steel wool deteriorate as a result of clogging,
mechanical damage, or melting. Dissipative mufflers
convert part of the acoustic energy to heat. A reactive
muffler creates an impedance mismatch at the source
so that much less acoustic power enters the muffler
than would enter the exhaust pipe without the muf-
fler. With an ideally reactive muffler, the acoustic
power leaving the tail pipe would be equal to the
power entering at the exhaust pipe inlet [4]. How-
ever, because of mean flow, aeroacoustic iosses occur
at area discontinuities in reactive mufflers.

This article describes various aspects of theoretical
performance evaluation, experimental corroboration,
and design of reactive mufflers.

MUFFLER PERFORMANCE CRITERIA

Several terms have been used to evaluate mufflers
(see Figure 1). Dissipative mufflers are generally
assessed in terms of attenuation, which is defined as
the decrease in propagating sound power between
two points in an acoustical system [5). Reactive
muffler performance is generally measured in terms
of insertion loss (IL}, transmission loss (TL), and

noise reduction (NR). Noise reduction should be
called level difference (LD), inasmuch as it is the
difference in sound pressure level {SPL) measured
upstream (at some point in the exhaust pipe) and
downstream (at some point in the tail pipe); it is
not the difference in acoustic power flux. Similarly,
transmission loss is a misnomer for reactive mufflers
because no loss in power flux occurs across reactive
elements [4]}.

Insertion loss is convenient to measure and is often
preferred by both manufacturers and users because
it is a true measure of muffler perfo. ~3ance. However,
prediction of insertion loss requires measurement of,
or prior knowledge of, the aeroacoustic character-
istics (strength and internal impedance) of the engine
exhaust system. Transmission loss and noise reduc-
tion are independent of source characteristics and are
easy to predict but more difficult to measure. Predic-
tion of NR requires prior knowledge of the radiation
impedance; TL calls for non-reflective termination
and is therefore more difficult to measure. TL and
NR are used for research purposes, for example, to
check transfer matrices or reflective properties of a
set of elements in isolation.

MEASUREMENT OF REFLECTIVE PROPERTIES

There are a number of methods for measuring reflec-
tive properties of a termination or set of elements.
The classical discrete frequency steady-state meth-
od - also called the standing wave ratio (SWR) meth-
od ~ can involve either locating acoustic pressure
maxima and minima and drawing the acoustic en-
velopes through a traversing pressure probe [6-10],
measuring SPL’s at 8 number of discrete positions
[11,12]), or a combination [13) in which only the
positions of minima (located precisely by a probe
tube) and SPL’s at a number of discrete points on

*Department of Mechanicel Engineering, Indisn Institute of Science, Bangsiore 560 012, India
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Figure 1. Conventional Terminology

the rising flank of a minimum are used. Panicker’s
method [13] is suited for exhaust mufflers in which
mean flow introduces unsteadiness; as a result of un-
steadiness the SPL measurements at the pressure
minima are difficult and unreliable. Drawing and
extrapolating the envelope of the minima to the
plane of the termination under investigation are thus
not possible. Schmidt and Johnson [14] used a dis-
crete frequency technique in which two microphones
were mounted at different upstream positions along
a tube. They measured pressure amplitudes at the two
points and deduced the reflection coefficient of the
sample.

The method ot transients involves the use of a suf-
ficiently strong, small duration (less than a second)
impulse to obtain the incident and reflected energies
[15). To and Doige [16, 17] successfully used a
variation to determine matrix parameters of acoustic
systems. Their method uses Fourier transforms of
signals simultaneously picked up from two micro-
phones and recorded on a tape recorder. Unfortu-
nately, the method has not been tested for moving
media.

Seybert and Ross [18] developed a two-microphone,
random-excitation method in which the acoustic
properties of the termination are recovered from
auto- and cross spectra of microphone signals. The
method incorporates mean flow effects but has been
tried only with stationary media. Continuous sam-
pling of data for seven seconds was sufficient. Chung
and Blaser [19]) have presented a modification.
Instead of considering individual spectral densities,
they use the transfer function between the signals
sensed by the two microphones located upstrearn of

the termination, neglecting attenuation between
microphone signals. The expressions for impedance
are thus greatly simplified, but the results presented
are for a stationary meaium. Singh and Soedel [20)
used random and transient inputs to measure im-
pedances of fluid machinery manifolds. Prasad [21)
used Chung and Blaser's agproach to measure engine
impedance with the engine running.

The transient and random-excitation methods are
much faster than the discrete frequency method but
require two-channel FFT analysis instrumentation.
In addition, in the presence of flow the signal to
noise ratio may not be sufficiently high over the
complete frequency range of interest. Until these
methods are proved with moving media, the discrete
frequency method [13] could remain the most
reliable method, albeit a time-consuming one, for
measuring the acoustic properties of a termination.

ACOUSTICAL APPROACH TO MUFFLER
PERFORMANCE PREDICTION

Mathematical renresentation of the insertion loss of
a muffler in terms of terminal impedances {radiation
a.\d source) and a velocity ratio that can be evaluated
from successive multiplication of transfer matrices
of all constituent elements has been presented [2].
The significant developments that have since taken
place are described in the following paragraphs.

El-Sharkawy and Nayfeh [22] took all modes into
account in an analysis of sound propagation through
a circular duct in the presence of an expansion
chamber. Their analysis was in good agreement with



experiments. They showed that plane wave theory
is valid only at low frequencies, small expansion
ratios, and large expansion chamber length/diameter
ratios. Unfortunately, even though mean flow was
not considered, their expressions were very com-
plicated.

The attenuation constant a for a progressive plang
wave in a tube can be measured by means of the
impedance-tube method - also called the discrete
frequency excitation method [13]; it is very difficult,
however, to measure ay for a tube with mean flow
in the + direction. Based on other work (23, 24]
Panicker (13] derived a general one-dimensional
convected wave equation that incorporates the
effects visco-thermal damping. He obtained (for
M€ 1)
a+ FM
a M= 20 ()
1t M

M is the average mean-flow mach number in a tube
of internal diameter D, a is the attenuation in a tube
with stationary medium, F is the Froude's friction
factor, for steady turbulent flow, and subscripts
+ and - denote the forward (positive) and the back-
ward (negative) directions.

Equation (1) shows that mean flow has both a con-
vective effect, represented by the denominator
1 £+ M and an etfect on the viscous attenuation q;
mean flow increases attenuation by an eddy vis-
cosity term FM/2D. Although these visco-thermal
attenuation constants play only a minor role in the
transfer matrices of tubes, they are crucial for avalu-
ating acoustic characteristics of a termination using
the discrete frequency excitation impedance-tube
method.

The radiation impedance for an unflanged pipe in
the presence of mean flow

Zg (M)=R (M4 X o (M) (2)

has been measured [13] for different tube sizes and
frequencies. Experiments indicate that

Ro(M) > R-2M? (3)

XoM) = X/(1-M?) (4)

The plots of these results are generally in agreement
with those of others [25, 26]. The change in radi-
ation impedance can be attnibuted to the fact that
interaction of the outgoing wave and the jet absorbs
a substantial part of the wave and exerts a back
reaction or. it. Howe [27] has pointed out that the
acoustic energy that excapes from the tail pipe is
partitioned between two distinct disturbances in the
exterior fluid. The first disturbance is free-space
radiation. Essentially compressible vortex waves are
then excited by vortex shedding from the tail pipe
lip and might be associated with large scale insta-
bilities of the jet. There have been further attempts
to model Helmholtz-type resonators in the presence
of mean flow. Anderson [28] found that the funda-
mental frequency increased with increasing fiow
velocities in the duct, higher resonance frequencies
of the resonator were not affected as much by air
flow. He observed that it was possible for the entire
mass end-correction of the orifice of the resonator
to be eliminated by the flow. Qualitatively similar
results had been obtained earlier [29, 30]; it was
also found that the resistive part of the radiation
impedance increases considerably because of mean
flow.

Sullivan and Crocker {3] modeled muiti-hole con-
centric tube resonators of the unpartitioned type,
they accounted for mean flow in the tube, wave mo-
tion in the cavity, and coupling between cavity and
tube via the impedance boundary of the perforate.
They obtained good agreement with experiments
for stationary medium, no experiments were reported
with mean flow. Their results verified earlier observa-
tions [28-30] that grazing flow causes the resistance
of the orifice to increase and the reactance to de-
crease with increasing flow rate.

Sullivan [32] has developed a segment procedure --
in which each segment is described by a transfer
matrix -- for modeling such perforated muffler
components as concentric resonators with perforated
flow tubes and expansion chambers and reverse flow
chambers with perforated inlet and outlet tubes
(see Figure 2). The theory takes mean flow into
account. However, the method is confined to those
configurations having one acoustically long dimen-
sion. This approach thus leads to 4x4 or 6x6 transfer
matrices that are more difficult to handie than con-
ventional 2x2 matrices, but are simpler and faster
than simultaneous solution of a very large number of

ittt B b A
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Figure 2. Basic Elements and Corresponding Muffier Components of Two-Duct Model [32]

algebraic equations. The theory has been used [33]
to demonstrate the effect of nonlinear impedance
of the perforation due to finite amplitude sound pres-
sure in a straighi-through resonator. The effect of
change in impedance of the pertoration with mean
flow in a cross-flow chamber has also been shown.
The impedance was that used in earlier measure-
ments. Good agreement was found between theory
and experimental observations with regard to trans-
mission loss.

Interestingly, investigations (28-33] did not yield
any general empirical formula for the resistive and
reactive impedance of a hole in the presence of a
grazing flow, which {or the linear part of which)
could be used with the acoustical approach.

Transfer matrices have been recognized as handy
building blocks in the analysis of one-dimensional
acoustic filters [34) as well as for typical exhaust
mufflers (21, 24, 32, 35, 36).

Panicker [13] derived transfer matrices defined
with respect to conwective state variables p. and v,
proposed by Munjal [36], for area discontinuities of
the simple type shown in Figure 3a and 3b, the ex-
tended-tube type shown in Figure 3c and 3d, and the
flow-reversal type snown in Figure 3e and 3f. He
used the mass continuity equation, the energy equa-
tion involving a dissipation parameter, the momen-
tum equation [37}. An additional equation deter-
mines the dissipation parameter in terms of the
measured head loss coefficient for steady incom-
pressible flow as a fraction of the dynamic head in
the sma'ler diameter tube at the junction. The resul-
tant transfer matrices are shown below.

Simple contraction, see Figure 3a.

1 KeMn Yn
{5)
0 1
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Discontinuities

Simple expansion, see Figure 3b.

1 KeMp Y
{6)
0 1
Extended outlet, see Figure 3c.
1 KcMnp Yy
(7}
1-N 1-N+A(K-N)

Z; (1-N-AN?) 1-N-AN?

Extended inlet; see Figure 3d.

1

1-N+AN(14K)

(8)
1-N+A(N+Kg) KM Yq(1-N+AN?)
1-N 1-N+AN?
Z;
Reversal-cum-contraction
1 KrcMnYn
1+N NantA(N+K;c) {9)
Z;(N; p-AN?) N, p-AN?)
Reversal-cum-expansion
1
Nz A b‘AN“*K(e)
N; b*tA(Kre=N)  KreMnYn(N; p+tAN?)
(10)
1+N N, b+AN?
Z,
In the matrices
M= mean flow Mach number
averaged over the cross-section (1)
area S
Y= ¢/S

N = narrower tube area/broader tube area,
Sn/Sb = S| /S, or S;/S]

subscript n = pertaining to the narrower tube
subscript b - pertaining to the broader tube

Z, = equivalent impedance of the annular

cavity
=-jY,; cot(kly) {(12)
Kc=1-N (13
2
Ke = (1-N)? (14)
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N2,b=32/Sp (15)

A= Mnita (16)
Z;

Krc:l_z—NforN<0.2 (17)

Kre =1 (18)

Noise reduction (level difference) has been calcu'ated
for typical mufflers using these elements and radi-
ation impedance - Equation (3) and Equation (4) -
as well as a transfer matrix for a tube [36) incorpo-
rating the attenuation. The constant of Equation (1)
agrees well with experimentally observed values [13) .

Insertion loss, the most acceptabie performance
crizerion, involves, in addition to radiation impedance
and transfer matrices of the muffler elements, a prior
knowledge of source impedance Zg. Prediction of
SPL at a poirt in space with a particular muffier also
requires knowledge of source strength. This source
strength can be acoustic pressure pg, acoustic mass
velocity v, or the corresponding ccnvective (of
aeroacoustic) counterparts Pcs OF Ve The value
depends on the way the source is to be characterized
(2, 3, 36, 38]. An indirect method - also called
a three-load method [3, 38]) -- has been proposed
[39-41]. It makes use of the impedance tube ap-
proach, measurement of radiated noise levels, or the
numerical prediction approach. Precise measurements
are needed but are difficult to obtain because of
mean flow unsteadiness and slight but inevitable
variations in the instantaneous speed of the recipro-
cating machinery. The impedance tube has been used
with the two-microphune random-excitation tech-
nique to directly measure the acoustic impedance of
a running 1.C. engine [21, 42, 43] . It is assumed that
impedance tube technology can be used to determine
the impedance of an active termination directly so
long as the external excitation signal is much stronger
than the signat from the termination everywhere in
the tube. Apart from the questionable character of
this assumption, the method is very difficult to apply
in view of unsteadiness and the resultant ambient
noise due to turbulent mean flow. Incidentally, there
have been few attempts thus far to predict engine
exhaust source characteristics analytically.

10

GAS-DYNAMIC MODELING
OF EXHAUST SYSTEMS

A number of developments have been reported in
modeling exhaust systems of reciprocating com-
pressors [44-46) and reciprocating 1.C. engines (47)
in terms of mass continuity equations, thermodynam-
ic equations, and equations of momentum for dif-
ferent volumes and across various junctions. The
muffler elements can be modeled in terms of acoustic
variables [44, 46) or, more precisely, in terms of
Riemann variables [39, 40, 48-50) .

A substantially different approach involves finite
elements [51-63}. This approach is applicable to
many muffler configurations and accounts for three-
dimensional effects, but it is also cumbersome and
has not yet been tried with mean flow.

DESIGN OF EXHAUST MUFFLERS

Eriksson [54] has listed basic design considerations;
they include minimum noise level, maximum engine
performance, minimum weight, minimum size, mini-
mum cost, long life, good tonal quality, manufac-
turing ease, convenient shape, minimum temperature,
and attractive appearance. Munjal [55) used the
algebraic algorithm to derive some general synthesis
criteria for one-dimensional acoustic filtars. These
criteria were later extended to straight-through ex-
haust mufflers [24], a modified form of the algo-
rithm was used to account for the convective effect
of mean flow. Transfer matrices of different elements
constituting expansion chamber mufflers have been
used to develop a computer program for designing
a muffler for a helicopter engine [35) .

Davies [57) observed a complex interaction between
the traveling vortex potential field, the sound field,
and the tail pipe rescnance at intermediate levels of
forcing; the interaction resulted in additional noise
generation at area expansions but could be effectively
suppressed by fitting perforated bridges as illustrated
in Figure 4.

Laville ard Soedel [38] sought some scaling laws
with a view to deriving empirical formulas in terms
of certain nondimensional parameters for predicting
muffler performance and thus muffler design. Blair
(69] has developed general computer programs using



Figure 4. Suppression of Flow-Acoustic Coupling
by a Bridge Perforate [57]

finite-wave pulse analysis in the exhaust, intake, and
transfer passages. He designed a small two-stroke
engine for low specific fue! consumption and low
exhaust noise levels. He used exhaust mufflers of the
type shown in Figure 5. Incidentally, the same type
of mufflers were found to be very satisfactory for
singlecylinder two-stroke-cycle engines of autorick-
shas in India [60] .

CONCLUDING REMARKS

Notable advances have been made in recent years in
the analysis and design of exhaust mufflers. The gas-
dynamic approach ~id its various ramifications can
be used to analyze a given exhaust system. However,
because of the computer time and effort required,
the approach is largely ineffective for synthesis of an
efficient configuration; at best, it might be useful
for a final optimization.

The acoustical, or aeroacoustical, approach is more
handy in analysis and potentially usetul for design.
However, elements involving hole-to-hole transfer of
mean flow (Figure 2) need further attention. Analyti-
cal models for source characterization are necessary;
direct measurement of the impedance of an active
termination is questionable. Three-dimensional ef-
fects in the presence of not-so-uniform mean flow
require furthr research for high-frequency analysis.
Acoustic impedance of a hole or set of holes in the
presence of grazing flow and/or through flow calls
for empiricat expressions.

For two-strokecycle engines, muffier performance
is coupled to engine performance. Thus, exhaust
stroke analysis cannot be isolated from the analysis
of the rest of the cycle. However, there is a need to
look for some practical short cuts, lest the muffler
design become uneconomical.

Figure 5. A Generally Successful Configuration
for Single Cylinder Two-Stroke-Cycle Engines

Finally, the noise radiated from the outer shell of the
muffier should be analyzed so that aeroacoustically
predicted muffler performance could be realized
without making the muffler unnecessarily heavy and
costly.
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of the materials used, and applications.
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studying the vibrational and stability behavior of autonomous systems under the
influence of several independent parameters,




VIBRATION CONTROL WITH VISCOELASTIC MATERIALS - 11

B.C. Nakna*

Abstract. This paper reviews investigations dealing
with vibration control using viscoelastic materials.
Specific topics include analysis of configurations,
properties of the materials used, and applications.

In an earlier paper [32], work on control of vibra-
tions using viscoelastic materials in various arrange-
ments was reviewed. These materials usually have
high damping and thus dissipate vibratory energy of
structures and machines. The present paper reviews
some further work on the role of viscoelastic mate-
rials in vibration control: the analysis of configura-
tions of viscoelastic materials, properties of materials
used, and applicat:ons reported in the recent litera-
ture.

ANALYSIS

Theoretical analyses of flexural vibrations of multi-
layered beams, plates, and shells, employing various
arrangements of elastic and viscoelastic layers, have
been reviewed extensively [32]. Other work on this
topic deals with the flexural vibrations of laminated,
hollow, and circular beams (3] . It has been reported
that vibration damping is not significant in modes in
which elastic beams move together, but that for
higher modes, in which elastic beams move in oppo-
site directions, high damping is obtained.

Rao [42, 43]) has published work on short simply
supported sandwich beams having 3 viscoelastic core
and various boundary condition cases. He used digital
computer simulation to solve the differential equa-
tions of motion. Sandman [45]) dealt with flexural
steady-state forced vibrations of sandwich beams with
nonuniform distribution of shearing rigidity and mass
along the core length; he suggested that a tuned
configuration of core segments would provide opti-
mum damping. Analysis of nonlinear vibrations due

to large deformations of three-layer beams with
viscoelastic cores has been reported {13, 21} . Visco-
elastically damped beams, subjected to shock excita-
tion, have been analyzed [18-20]; the differential
operator representation was used for viscoelastic
materials.

Five-layered beams with viscoelastic layers have been
analyzed [6, 31), as have Timoshenko beams with
five stiff and four soft layers placed on an elastic
foundation and subjected to a concentrated point
load moving with a constant velocity [40]. Vibra-
tion damping analysis of a three-layered plate with
viscoelastic core has been carried out {4, 28, 29, 44] .
Mead [28] determined resonant frequencies and loss
factors of three-layered damped sandwich plates
with regularly spaced stiffeners. Finite element
analyses of multilayered structures containing visco-
elastic materials have been reported {37, 38] .

Vibration damping in cylindrical elastic shells, coated
with layers of viscoelastic materials, has been ana-
lyzed [16, 25, 26]. Hayari and Sandman [8] ana-
lyzed the vibratory response of three-layered cylin-
drical shells embedded in a fluid.

The effect of fluid mass loading and damping has
been studied. Forced vibration analysis of liquid-
filled cylindrical shells with a number of mass seg-
ments adhered (s them externally by a viscoelastic
material has been carried out {23]. the excitation
was due to a radial force acting on the surface of the
shell. Lu [22] also analyzed the forced vibrations
of thin rings having discrete mass segments and at-
tached to the outer circumference by a viscoelastic
material. Almy and Nelson [1] have reported work
on the damping of a circular ring segment due to a
constraining layer.

Theoretical work has also been reported on the tor-
sional vibration analysis of two-layer beams [14) and
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composite shafts having a viscoelastic core [2]. Sain-
bury and Ewins [46] have used impedance methods
to analyze the vibration isolation characteristics of
a two-stage multi-directional vibration isolation sys-
tem. They used rubber blocks with five-layered
damped sandwich beams for vibration icolation. A
two stage isolation system, consisting of a conven-
tional isolator and a three-layered damped sandwich
beam, was analyzed [50). Vaicaitis {49] analyzed
low-frequency noise transmission by viscoelastic
sandwich panels into a rectangular enclosure and
reported that noise was significantly reduced.

MATERIALS AND PROPERTIES

Viscoelastic materials for vibration control have been
discussed {11, 41} . Wetton [51] gave design require-
ments from the point of view of a chemist. Several
formulations of viscoelastic materials have been con-
sidered. Earlier work on measuring properties of
viscoelastic materials has been reviewed [32]. A num-
ber of methods for measuring dynamic stiffness and
damping properties of viscoelastic materials have been
discussed [10). A number of methods have been
given for measuring damping properties of thin coat-
ings at high temperatures [34, 48] . Murayama [30]
recently described in detail the principles of dynamic
measurements of properties of viscoclastic materials
and interpretation of data on a molecular basis.

APPLICATIONS

Various applications of viscoelastic materials for
vibration control have been reviewed [32). Addi-
tional work is reviewed in this section.

Attempts to adapt tuned dampers made of visco-
elastic materials to gas turbine blades [33, 36] and
machine tools [35) have been reported. Grooten-
Luis [7] used the constrained layer damping tech-
nique to reduce noise and vibration disturbances
caused by a railway through a residential area. Con-
strained layers have been used as dampers on the
spindle of a textile spinning frame and on circular
wood cutting saw blades [5]. Viscoelastic damping
techniques have been extensively employed in jet
engines, helicopters, spacecraft, and satellites (9,
12, 15, 24, 39]. General applications have been re-
viewed [27], as has work on control of low-fre-

quency interior noise in aircraft by damping of
fuselage structural elements with constrained damp-
ing on strirgers [47] .
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Abstract - This article describes developments in
linear and nonlinear theories for studying the vibra-
tional and stability behavior of autonomous systems
under the influence of several independent param-
eters. Four classes of systems are identified for
linear theories: conservative, pseudo-conservative,
gyroscopic, and circulatory. Nonlinear theories in-
volve both gradient and nongradient systems.

Developments concerning the stability and instability
behavior of finite-degree-of-freedom holonomic au-
tonomous mechanical systems were reviewed in
1976 [1]; attention was focused on linear general
theories. The 1976 review [1] included developments
concerning the combined effects of independent
parameters on the behavior of a system, The present
review, essentially an extension of the 1976 article
[1], covers the years since 1976, and should be
considered in conjunction with the earlier article.
The present review expands the scope of the earlier
one to nonlinear developments as well as iinear
studies.

LINEAR THEORIES

A system is usually under the influence of several
independent parameters, and it is often necessary to
determine the effects of these parameters on free
vibrations and stability behavior of the system.
Stability can be lost from an initially stable state in
different ways as the parameters are varied. Condi-
tions causing loss of stability, the nature of instabil-
ity, characteristic features of the stability boundary,
the parameter-frequency relationship, and in non-
linear range post-critical behavior are basic questions
to be explored in a general study.

A linear general theory concerning the free vibrations
and stability of multiple-parameter autonomous sys-

tems is now available in bock form [2]. Development
uf this theory relies on matrix theory, which is sum-
marized; fundamental definitions, stability criteria,
and a classification of systems are then given, Diver-
gence instability and flutter instability, including the
conditions under which these phenomena arise are ex-
plored; the effects of the multiplicity of characteristic
roots and linear dependence of characteristic vectors
on the stability of a critical state are examined.,

Lyapunov's Theorems, their connection to Stein’s
Theorem, the Routh-Hurwitz criterion, Hamilton's
principle, and Lagrange’s equations are discussed.
Four classes of systems are identified: conservative,
pseudo-coniervative, gyroscopic, and circulatory. It
is shown tr.at the fundamental characteristic surface
and the stabiity boundary of conservative systems
cannot have convexi.y toward the fundamental
region. Practical implications of these theorems and
a normatlity condition are discussed. Effects of damp-
ing on the system are explored, and certain bounds
on the complex eigenvalues are established through
the extremum properties of the Rayleigh Quotient.

Pseudo-conservative systems are defined, and several
theorems concerning the properties of the stability
boundary, parameter-frequency relationship, and
upper and lower bound estimates are presented. The
discussion of gyroscopic systems is sufficiently gen-
eral to allow for reinterpretations of the results in
other contexts. It is shown that gyroscopic conserva-
tive systems can exhibit both fiutter and divergence;
conditions leading to such behavior are explored, as
are certain standard forms of the associated eigen-
value problems [3] and their analytical advantages.
These standard forms are shown to fall within the
scope of the Rayleigh Quotient.

The effects of external and internal damping on the
flutter and divergence boundaries are given. Rotating
systems and fluid-conveying pipes are treated as
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special gyroscopic systems, examples of flexible
rotating shafts under the influence of axial loads
are provided. Earlier results [4] are generalized,
the flutter boundary of the undamped system is
shown to be an upper bound for the flutter boundary
of the damped system.

Circulatory systems and follower type loads are
distinguished from pseudo-conservative systems in
that the fatter are incapable of exhibiting flutter
instability due to the weak asymmetry of the ma-
trices associated with follower forces. The generalized
Rayleigh Quotient associated with flutter instability
is introduced, certain max-min properties for two-
degree-of-freedom systems contrast with those of
the classical Rayleigh Quotient Flutter and diver-
gence boundaries are convex toward the fundamental
region rather than concave A direct method of
stability analysis yields the tlutter load without
requiring the determination of frequencies.

Linear systems have also been treated in !5), but
external parameters and their effects on the behavior
of the system were not considered explicitly Rather,
emphasis is on the interrelationship between the
structures of the matrices involved and the stability
of the system. Stability criteria for autonomous and
nonautonomous systems are developed on the basis
of controllability and observability as well as Ly-
apunov’'s theorems. Systems nave been classitied
according to the properties ot matrices; conditions
for asymptotic stability, marginal stability, and in-
stability are given.

A discussion of the stability of autonomous systems
deals with the nonlinear post-critical behavior of
gradient systems and with developments concerning
conservative, pseudo-conservative, gyroscopic, and
circulatory systems [6]. Necessary and sufficient
conditions are given for uncoupled modes of vibra-
tion in a damped system; alternative necessary and
sufficient conditions for asymptotic stability of
autonomous systems, including gyroscopic systems
with external and internal dissipation, are also pre-
sented.

Some recent work [7-9] has been devoted to a re-
examination of the variational principles associated
with nonconservative systems. A class of nonconser-
vative systems that admits a pure Lagrangian is
identified, the Lagrangian formulation thus con-

tains r.o generalized forces to account for nonconser-
vative effects The Lagrangian is constructed explicit-
ly and used tc derive the equations of motion. Three
kinds of time-independent exact bilinear Lagrangians
that govern the motion of linear multipie-degree-of-
freedom systems are derived by doubling the size of
the original space with the help of the adjoint system
[8]. it is observed, however, that when the La-
grangians are modified and expressed in terms of the
physical sets of variable only, they are time depen-
dent. The problerr is linked to the inverse problem
of calculus of variations and analytical dynamics;
this problem has bean brought up to date [10, 11].

Certain investigations [7, 8] have been motivated by
studies {12, 13]) into the methodology by whzh
large-scale physical syst:ms are so reduced as to re-
tain the physical structure of the original system.
These studies are based on Hamilton‘s canonical equa-
tions; such basic theories as contact transformations
and the Hamilton-Jacobi theory are for the most part
for conservative systems and require additional and
more convenient generalizations. A  variational
principle for the stability analysis of discrete non-
gradient systems is also available [14] .

The effect ot damping on vibration and the stability
of mechanical systems has also received renewed
attention. Nicholson [15] considered a discrete
damped conservative system with positive definite
stiffness, damping, and mass matrices. He implied
that the positive definiteness of mass and damping
matrices together with a commutativity condition
among the three matrices are both necessary and
sufficient for asymptotic stability. Although these
conditions may apply to systems with completely un-
coupled motion, the positive definiteness of the
damping matrix is generally a sufficient but not
necessary ocondition for asymptotic stability [1, 2,
6], the case of pervasive damping with a positive
semi-definite matrix is an example.

A necessary and sufficient condition for asymptotic
stability when the damping matrix is positive semi-
definite is that none of the eigenvectors of the
corresponding nondissipative system lie in the null
space of the damping matrix [2]. The conditions for
asymptotic stability, marginal stability, and instabil-
ity have been discussed {16} . Certain bounds on the
frequency response of forced vibrations when the
equations of the damped system can be uncoupled -



i.e., simultaneous diagonalization of the mass, damp-
ing, and stiffness matrices is possible -- were also
derived {16} . These results sharpen those of Nichol-
son [17].

In a study of the eigenvalues for damped linear sys-
tems, Nicholson {18] obtained lower bounds on the
real and imaginary parts of the eigenvalues of a
damped linear system in free “vibration under certain
conditions. Muller [19] generalized his results by re-
moving some of the conditions and developed im-
proved bounds. A sufficient condition for subcritical
damping in all modes is given.

Other discussions of the effect of damping on the
vibrationstability relationship of linear systems [20)
and the shape modes of damped systems are available
[21]. The necessary and sufficient condition for un-
coupling the equations of damped systems has been
presented [22) as discussed earlier, The equations
governing free and wrced vibrations o{ a general non-
conservative syster have been explored [23, 24];
conclusions concerning the stability of a three-degree-
of-freedom circulatory system nave been derived
[25]} . The dynamic behavior of dissipative circulacory
structural systems has been studied {26]).

Attention [27] has been drawn to the important role
of structural damping in reducing the response 0! a
vibrating structural system. Independent damping
tor various members was also considered. A practical
method for controlling response was suggested [27])

vary the member damping values by constructing
critical damping surfaces, thereby separating regions
of partial or compiete underdamping from those of
overdamping. Damping can have a destabilizing etfect
on the behavior of pseudo-conservative systems(28] .
The significance of this destabilization is that the
behavior of an undamped pseudo-conservative system
1s completely analogous to that of a conservative
system; the destabilization is an indication that the
addition of dissipative forces may expose the inher-
ently nonconservative characteristics of the system.

Other developments include an instability condition
(29) for gyroscopi. conservative systems with n
deyrees of freedom and a simplification [30] of the
Routh procedure for eliminating ignorable coordi-
nates when the rotors in a multi-body system are kept
at constant relative angular velocity

NONLINEAR THEORIES

General nonlinear theories concerning discrete auton-
omous systems have developed in two directions, In
one line of research only gradient systems are consid-
ered; the second direction also involves nongradient
systems and is more comprehensive. Well-established
methods for the nonlinear analysis of critical, post-
critical, and stability behavior of gradient systems
are now availabie. In fact the behavior of gradient
systems can be described by an all-embracing poten-
tial function {e.g., total potential energy of conserva-
tive systems) that provides a convenient basis for non-
linear analyses, particularly the development of gen-
eral theories. Thus, following the pioneering work
of Poincaré, the nonlinear instatsility behavior of dis-
crete gradient systems under the influence of one
[31] or several independent parameters [32] has
been studied extensively. A more recunt development
in this area has been introduced as elementary catas-
trophes [33]

It is known that a gradient system under the influ-
ence of a single parameter cen lose its stability either
at a limit point or at a poidt of bifurcation. Both
critical points are associated with divergence instabil-
ity [1]; flutter instability is ruled out except when
gyroscopic forces are present [1,2]. Divergence
occurs when the Hessian of the potential function
vanishes. Bifurcation and limit points played a cen-
tral role in the development 0. the general theory of
elastic stability. Even the beha ior of imperfect struc-
tural systems, which involve an additional control
parameter (an imperfection parameter) was referred
to these points [34, 31].

As emphasized earlier, "ystems are often under the
influence of several parameters, and it has been
pointed out [35] that bifurcation and limit points
are not quite adequat~ to fully describe the behavior
of such systems Thus, a reclassification of critical
conditions based on the concept of an equilibrium
surface was introduced+ In this classification, proper
surfaces are distinguished from improper {degenerate)
surfaces and two types of critical points, namely
general and special points, are used to describe proper
and improper surfaces, respectively

A general nonlinear multiple-parameter theory of
stability was developed on the basis of these concepts
[32] . The catastrophe theory [33], which essentially



parallels this approach, provides a qualitative descrip-
tion of phenomena that might arise under ceriain
circumstances. These so<alled elementary catas-
trophes are constructed via the concept of universal
unfoldings in a structurally stable way and can be
linked to general points, In fact, it has been demon-
strated [6, 36-38] that the simple general point and
the singular general point correspond to fold catas-
trophe and Riemann-Hugoniot catastrophe respec-
tively.

An analytical pattern has been established [36] to
obtain the swallowtail, butterfly, and other hiyher
order surfaces using the multiple-parameter perturba-
tion technique {32]. This technique provides a sys-
tematic tool for quantitative analyses and also yields
the umbilics associated with two-fold critical points.
The technique can in fact be used to analyze the
behavior of a system in the vicinity of n-fold (com-
pound) critical states (6, 37-39]

The effect of symmetry on the imperfection sensi-
tivity of coincident critical points has been explored
in great detail (40) It has been observed [38] that
the equilibrium equations describing the equilibrium
surface in the vicinity of a symmetric point of bifur-
cation can be associated with the organizing center of
the double-cusp catastrophe. This point and the cir-
cumstances under which imperfection sensitivities
ar2 related to a particular umbilic have been discussed
(41]

Nongradient systems do not have a potential, how-
ever, so that basing the formulation and conclusions
on a well-benaved function (the potential) might
have to be abandoned. In addition, nongradient sys-
tems can exhibit oscillatory instabilities (flutter) as
well as divergence It is thus possible that a dynamic
formulation will be essential 10 any study of such
general response characteristics

A dynamic system can be described by either La-
grangian equations or a set of first order ditferential
equations (state-space formulation). Linear studies
concerning dynamical system in mechanics are usu-
ally carriea out on the basis of the former tormula-
tion, the latter 1s widely used in such disciplines as
electrical networks and control theory. Because the
second order Lagrangian equations can readily be
transformed into the state-space equations with an
appropniate transformation of variables, the state-

space formulation seems a suitable and unifs ing ap-
proach for nonlinear analysis of all autonomous sys-
tems, nongradient and gradient.

Consider the first order equation
x=X(x,q) (1)

where x is a vector of n components in an euclidean
space Ep, n is a scalar parameter, and dot denotes
differentiation with respect to time t. The salient
features of this system are described by equilibrium
states and limit cycles (periodic motions) The
equilibrium states of the system are characterized by
the vanishing vector field X(x, i) = O defined over an
euclidean manifold Epnyq of dimension (n+1). These
equations define centain equilibrium paths in Eq 4.

Consider an initial path in a region of interest as-
sumed to be stable for sufficiently small values of
n. Attention is focused on stability properties, the
critical value of 5, the nature of instability, and post-
critical behavior. The eigenvalues of the Jacobian
evaluated on the initial path generally have negative
real parts in the stable region, complex eigenvalues
appear in conjugate pairs. Stability can be lost at a
critical value of n at which point either the real part
of at least a pair vanishes (flutter) or the Jacobian
becomes singular (divergence}. In the case of flutter
the vanishing real parts become positive for higher
values of n, and the flutter instability leads to limit
cycles. In the case of divergence, the Jacobian can be-
come singular at a simple {r-fold compound) critical
point if one {r) pair(s) of complex conjugate eigen-
values or one {r) real eigenvalue(s) vanishes at the
critical point At a simple divergence point the nul-
lity of the Jacobian is one.

It has been demonstrated analytically [42] that a
divergence point on an equilibrium path (particularly
on the initial path) can generally be identified as
either a point of biturcation or a limit point, in com-
plete analogy with gradient systems The conditions
giving rise to these phenomena and their interrelation-
ship are explored, and it is shown that the limit
points are associated with fold catastrophes (42].
The asymptotic equations of the bifurcating post-
cnitical paths have been obtained in general terms
(43, 44)



The well-known asymmetric and symmetric points
of bifurcations can also arise in nongradient systems
Compound critical points, on the other hand, are
associated with multu-furcations, in which several
post-critical paths branch off from the initial path
with significant imperfection sensitivities {43] . The
stability of equilibrium states can be determined on
the basis of the eigenvalues of the Jacobian evaluated
at given points on the equilibrium paths. This method
has been used [45) to examine the stability distribu-
ton in the vicinity of a branching point. Explicit
conditions of stability and instatility for the initial
and post-<critical paihs were obtained through a per-
turbation procegure At an asymmetric point of
bifurcation an exchange of stabilities tetween paths
occurred, in complete analogy with gradient systems
Similarly, a symmetric point of biturcation involves a
post-critical path that is totally stable (unstable) if
the initial path is unstable (stable)

When a system is under the intluence of several inde-
pendant parameters, the parameter 7 in Equation (1)
becomes a vector parameter of m components where
m is the number of independent parameters. The
concepts of general and special critical points used to
describe the instability behavior of gradient systems
have been extended to autonomous systems [46] .
This classification helps identify and characterize
critical divergence conditions associated with all
autonomous systems, gradient and nongradient. Thus,
a divergence point is said to be general (special) if the
rank of a certain parameter matrix is equal to (less
than) the nullity of the Jacobian matrix

Analogous to the gradient systems is the fact that
equilibrium surface in the vicinity of a general point
is smooth and has welldefined normals. Depending
on the properties of the system, this surface assumes
distinct forms that can be associated with catas-
trophes [47]. Explicit equations of these distinct
torms of surfaces are constructed through the multi-
ple-parameter perturbation technique asymptotically.
This development represents the first direct general-
1zation of elementary catastrophes to nongradient
systems (68].

Angther approach [48, 49] has been used to investi-
gate one-parameter divergence instability of discrete
nongradient systems. the frequency i the Lagrangian
equations is set equal to zero, and the system is as-
sumed to exhib.t a trivial imtial path. The equilibrium

paths in the vicinity of a critical point can Le ex-
plored with this method but the formulation does
not allow for a stability ane!ysis of the paths.

If the critical point on the initial path is a flutter
point at which the real part of a pair of complex
conjugate eigenvalues associated with equation (1)
vanishes, a bifurcation occurs known as a Hopt
bifurcation. Hopf's Theorem asserts that, if the
tunction Y. {x, n ) in equation (1} is anaiytic in the
region of interest ard the derivative of the real part
of the pair with respect to p at the critical point does
not vanish, then, in addition to the initial path (which
without loss of general.ty can be defined by x = 0 for
all n), equation (1) has a family of periodic solutions
for n >n¢, or n <n.,. Hopt presented his theory in
1942, renewed interest is attributable tc a desire to
solve practical problems. A book [50, 51} devoted 10
various aspects of Hopf bifurcation deals with both
discrete and continuous systems.

The Hopf bifurcation is similar to the bifurcation of
equilibrium paths generated at a divergence critical
point. If the amplitude (or a mecsure of it) of the
periodic solutions is treated as a behavior variable,
then, in the amplitude-parameter subspace, a branch-
ing off from the flutter point on the initial path is
observed. This post-critical curve, the associated
himit cycles, their stability, and the transients leading
to these periodic solutions can be determined by
different methods.

The methods inwolving singular perturbations, for
example, are often used and have been described
[52) . Ir nonlinear systems the amplitude-frequency
relationship must be accounted for; ordinary expan-
sions can lead to terms that cannot be present in a
periodic motion. Singular perturbation methods are
designed tc overcome these difficulties. Multiple
time scaling is one such method that has been used
(53] to expiore the limit cycles, their stability, and
other characteristics in the vicinity of a flutter point
There aiways exists a limit cycle either for n < n,
{unstable limit cycle) or for n > n., (stable limit
cycle) The solution is obtained in the form of an
asymptotic expansion in the neighborhood of n = g,
The transient response and the analytical expression
for the limit cycle amplitude are also given.

The method of multiple scales, though maore in-
volved, has advantages over the Lindstedt-Poincaré



method, for example, it can treat damped systems
conveniently [52] Methods based on averaging have
also been described [52]. A method of averaging and
integral manifolds [54] has been used to study tran-
sient motions and the method of Hopf for obtain-
ing the amplitude and period of moticns associated
with an autonomous system having gyroscopic
and circulatory forces. The second order ordinary
differential equations are first transformed into first
order equations similar to equation (1), analyses are
based on these equations [54].

The Lagrange equations of an undamped imperfect
structural system have been considered and the
method of harmonic balancing applied to obtain
periodic solutions [55]; it is assumed that the perfect
system has no pre<ritical deformations and that the
equations of motion are linear in . The method of
harmonic balancing expresses the periodic solution
as a sum of harmonics and equates the coefficients
of each of the lowest harmonics to zero after the
assumed solution is substituted into the governing
equations. The resulting set of algebraic equations
relates frequency and amplitude. Nonlinear oscilla-
tions have also been described elsewhere [56] ,

The Hopf bifurcation and related topics have at-
tracted the attention of both mathematicians and
engineers. Recent publications include a comprehen-
sive article [57] on factorization theorems and re-
peated branching of solutions at a simple eigenvalue,
glubal Hopf bifurcation from a muitiple eigenvalue
(58], attractivity and Hopf bifurcation [59); Hopt-
Frederichs bifurcation theory [60]; and a study of
periodic and steady-state mode interactions [61].
Holmes [62] has presented a finite-dimensional
analysis concerning bifurcations to divergence and
flutter in flow-induced oscillations. Huilgol [63]
applied Hopf-Frederichs bifurcation theory to deter-
mine when a periodic orbit will bifurcate from the
equilibrium position of a railway axle The applica-
tion of the Hopf bifurcation theorem to noniinear
oscillations in circuits and systems has been present-
ed [64] Other work has also been reported [65,
66) . Work on the Hopf bifurcation under the influ-
ence of several parameters is still in a developmental
stage [67,69).
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BOOK REVIEWS

FAILURE PREVENTION AND
RELIABILITY

S.E. Bennett, A.L. Ross, and P.Z. Zemanick, Eds.
ASME Des. Engrg. Tech. Conf., Chicago, IL
Sept 26-28, 1977, ASME: 1977, NY, 309 pp, $30

A new discipline is emerging, as shown by the 20
papers contained in this publication, If the stress
numbers calculated by design engineers were less
than the limits, the design was considered tc be good,
This is changing. Failure prevention and reliability
have emerged as factors that the responsible mechan-
ical designer must consider to assure a good design.
And the advent of sophisticated equipment has
made failure prevention and reliability prime design
targets,

|. Reliability Assurance in Practice.

Four papers discuss various topics: safety and reli-
ability design objectives of the Clinch River Breeder
Reactor plant, reliability of a nuclear power plant
steam turbine overspeed control system, means for
lowering the failure pressure of a safety rupture dia-
phragm, and proper evaluations of turboma hinery
shaft-nut connections, The last paper describes the
establishment of a modified Goodman diagram and
evaluation of stress results,

1. Failure Analysis Studies

The first paper discusses the analyses required to
assure the safe design of a solvent recovery system,
Included is an analysis of core buckling {inner screen)
and proper protection from stress corrosion cracking
of the outer screen. Major problems in a corrosive
environment were solved by a judicious combination
of mechanical testing and analysis. Other papers
discuss failure analysis of a pump impeller and
proper utilization of vibration testing and fracture
mechanics to improve design. Four papers consider
the following topics: failure analysis, testing, .9
product improvement of a BWR control drive compo-
nent; a8 self-destructing diesel engine, failure analysis

of a 20 mm gun component using finite elements; and
failure of an experimental turbine rotor,

111, Techniques for Failure Prevention Assessment

Subjects include: experimental determination of
stress concentration factors in torsion for stepped
holiow shafts; a rational theory of failure for com-
bined highcycle fatigue; a monte carlo approach to
stress-strength interference; and failure prevention
by experimental stress analysis, The last paper con-
tains a concise explanation of good and bad aspects
of photoelastic technigues, electrical resistance strain
gages, and brittle coatings. The techniques are applied
to a gate valve, a shut-off valve, and stresses during
the assembly of large nuclear reactor pressure vessels,
This informative paper lists considerations involved
in selecting the proper measuring technique,

1V. Equipment Reliability

This section considers failure experience feedback in
design improvement, computer methods for qualita-
tive fault tree analysis, establishment of equipment
for failure rate data bases, risk management, and
probabilistic design methods for reliability. The
last topic contains information about prediction of
the reliability of mechanical components and struc-
tural members, Lower one-sided confidence levels in
reliability occur at 90% and 95% regions. It is worth
the reader’s time to study this paper,

This symposium is timely as to contents, The energy
crisis and more etficient mechanical systems require
the engineer to be more precise in his design analysis,
Reliability will become more and more importnat in
assuring that products meet all safety requirements
in preventing mechanical failures, Proper utilization
of the latest methods of failure analysis will have to
be used, This book is recommended to mechanical
designers interested in failure prevention and reli-
ability,

H., Saunders
General Electric Company
Scnenectady, New York 12345




LAGRANGIAN MECHANICS OF NONCON-
SERVATIVE NONHOLONOMIC SYSTEMS

D.G.B. Edelen
Noordhoff International Publishing, Leyden, The
Netherlands, 1977

In attempting to judge the value of a treatise on any
subject of the physical sciences, one is compelied to
ask several questions: how well is the subject pre-
sented, how useful will the book be to the prospec-
tive buyer of the volume, how accessible is the mate-
rial to the reader, how valuabie will the text become
in the future when readers become more familiar
with the style and the approach chosen by the
author, and does it contain anything fundamentally
new that might be used to extract solutions to an
intractable problem?

Let it be stated from the beginning that this reviewer
considers himself an engineer with a keen interest in
analytical mechanics, to the extent of applying
algorithms to the solution of engineering type prob-
lems, in particular those problems that ailude to non-
conservative and nonholonomic systems, as, for
example, surface vehicle systems.

It is unfortunate that the author fails to present
examples, not even simple ones, in the field of
particle mechanics, to illustrate his point. However,
this omission alone should not suggest that the meth-
od of Cartan’s calculus of exterior forms, which the
author brings to bear in reformulating some classical
dynamics problems, does not offer a more elegant
and possibly even simpler means for solving such
problems, Even if it does, the reader had be better
prepared to learn a new algebra based primarily on
the geometric notion of tangent vector fields, The
author expects some familiarity by the reader with
the calculus ot exterior forms. Even without pro-
viding specific examples it is presumed that, for the
purpose of computer calculations, certain simplifi-
cations can be realized by means of Cartan’s calculus
of exterior forms, In an attempt to make the treatise
more readable, the author has given in the Appendix
a step by step review of the theorems and lemmas of
Cartan’s calculus, the notation is explained when
necessary,

This reviewer believes that the book is slightly ahead
of its time; that is, engineering scientists are simply
not yet endowed with the mathematical prerequisites
required for complete understanding of the treatise,
| did not find either new solutions to old familiar
problems or solutions to higherto unsolved problems,
The greatest value of the volume lies the fact that it
exposes the reader to a new formulation of classical
mechanics.

H.K. Sachs

Department of Mechanical Engineering
Wayne State University

Detroit, Michigan 48202

VIBRATION MEASUREMENT

G. Buzdugan, E, Mihailescu, and M. Rades
Rumanian Socialist Republic Academic Press, 1979
{In Rumanian)

As indicated by the authors, who are members of
the Strength of Material Laboratories at the Polytech-
nic Institute of Bucharest, this book summarizes
what has to be measured and by what means with
regard to vibration; less information is given on how
and with what specific instrument, Indeed, the
authors have had good access to the more technical
and general western literature on vibration measure-
ment but limited access to more specific product
literature, They give little mention to such advanced
technology devices as minicomputers and portable
spectrum analyzers, This text contains good brief
reviews of instrumentation basics and excellent
philosophical passages on the practice of vibration
measurements and testing,

Chapter 1 discusses the nature of mechanical vibra-
tion (harmonic, transient, random, and resonance)
and the concept of measuring to find response, to
tind forcing, or to find estimates of the dynamic
parameters of the system tested, The relationship of
displacement, velocity, and acceleration is discussed,
as is the general nature of transducers, recorders,
calculators, integrators, multipliers, and filters,

Chapter 2 is a good, brief review of the elements of
the mathematical theory of vibration - linear and

31



nonlinear models, single and multiple degrees of
freedom, free and forced vibration, damping, Fourier
series and transforms, transfer functions, correlation,
power spectral density, probability distribution, and
the vibration of plates and beams. Chapter 3 briefly
reviews the effects of vibration on man and machines,
Levels of perception, nuisance, and damage are noted,

Chapters 4 and 5 discuss transducer and instrument
theory and provide limited product information,
Included are servo, piezoelectric, piezoresistive,
capacitive, inductive and electrodynamic trans-
ducers, and some simple circuity for their readout.
Extensive data on the East German METRA line and
some data on B & K and French accelerometers are
given, Proper accelerometer mounting techniques are
presented. Similarly little hard information, but much
general theory, is presented for instruments and their
operating specification, Little mention is made of
minicomputers or similar processors, the use of the
FFT, or extensive use of solid state or digital hard-
ware,

Mechanical, electromagnetic, electrodynamic, and
hydraulic vibrators are discussed at length in Chapter
6. Theory, typical designs, and typical limits are
reviewed. Chapter 7 reviews instrumentation setups
and techniques for vibration measurement. These
include choice of transducers and typical setups for
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measuring amplitude, phase, random series properties,
spectra, and transfer functions, Sinusoidal impulses
and random and pulse train excitations are discussed.

Chapter 8 briefly reviews transducer calibration
procedures and Chapter 9 gives some examples of
vibration measurement projects, including milling
machines and overhead cranes (prototypes); turbine
blades {location of source vibration); machine tools,
hydraulic lines, electric motors, and rail vehicles
(product acceptance testing); and blasting vibrations
and tests to determine material properties.

The text contains many interesting and useful prac-
tical descriptions and philosophical passages; it also
contains an insight into vibration testing methods in
the eastern countries. It falls short in descriptions of
specific products available and of advanced tech-
nology devices, more detailed examples in use, espe-
cially for large and aerospace structures should ke
given, | feel that, should an English version become
availabie, the book is worth reviewing but hard
specifications, designs, product information, and
examples have been better documented in existing
English language publications,

P. Ibanez
ANCO Engineers
Santa Monica, California 90404
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SHORT COURSES

JANUARY

PROBABILISTIC AND STATISTICAL METHODS
IN MECHANICAL AND STRUCTURAL DESIGN
Dates: January 59, 1981

Place: Tucson, Arizona

Objective: The objective of this short course and
workshop is to provide practical information on en-
gineering applications of probabilistic and statistical
methods and design under random vibration environ-
ments. Modern methods of structural and mechanical
reliability analysis will be presented. Special emphasis
will be given to fatigue and fracture reliability.

Contact:  Dr. Paul H. Wirsching, Associate Protfessor
of Aerospace and Mechanical Engineering, The Uni-
versity of Arizona, College of Engineering, Tucson,
AZ 85721 - (602) 626-3159/626-3054.

DYNAMIC ANALYSIS IN TURBOMACHINERY
DESIGN

Dates: January 12-16, 1981

Place: Madison, Wisconsin

Objective: The short course will be of interest and
value to engineers and scientists in industry, govern-
ment and education. Topics include dynamics of
rotating shafts, dynamic response of turbomachinery
blading and bladed disk systems and of stationary
vanes, Aspec!s discussed for blades and vanes will
include linear modal analysis and lumped mass
analysis, effects of damping treatments and frictional
damping, measurements of modal functions by laser
holographic interferometry. Aspects discussed for
rotor dynamics will include flexible and rigid bear-
ings, damping, and coupled transverse and angular
motion. Practical problems and case histories will be
reviewed to illustrate methods of solution and to
illustrate analytical results.

Contact  Dr. Donald E. Baxa, Program Director,
University of Wisconsin-Extension, Department of
Engineering and Applied Science, 432 North Lake
Street, Madison, W1 53706 - (608) 262-2061.

FEBRUARY

MACHINERY DATA ACQUISITION
Dates: February 26, 1981

June 1-5, 1981

August 3-7, 1981

September 28 - October 2, 1981

December 7-11, 1981
Place: Carson City, Nevada
Objective: This seminar is designed for people whose
function is to acquire machinery data for dynamic
analysis, using specialized instrumentation, and/or
that person responsible for interpreting and analyzing
the data for the purpose of corrective action on
machines. Topics include measurement and analysis
parameters, basic instrumentation review, data col-
lection and reduction techniques, fundamental rotor
behavior, explanation and symptoms of common
machinery malfunctions, including demonstrations
and case histories, The week also includes a lab work-
shop day with hands-on operation of the instrumenta-
tion and demonstration units by the participants,

Contact: Marketing Training Department, Bently-
Nevada Corporation, P.O. Box 157, Minden, Nevada
89423 - (702) 782-3611, Extension 224,

INTRODUCTION TO GIFTS 5 - USER WORKSHOP
Dates: February 9-13, 1981

Place: Tucson, Arizona

Objective: It is expected that the user is familiar
with the fundamentals of the finite element method
and intends to use the GIFTS program as a pre- and
post-processor or as an analysis package, Apart from
lectures dealing with the theoretical and numerical
aspects, ample time will be devoted to gaining experi-
ence with GIFTS by solving a number of selected
examples and user projects,

Contact:  Dr, Hussein A, Kamel, Professor of Aero-
space and Mechanical Engineering, The University of
Arizona, College of Engineering, Tucson, AZ 85721 -
(602) 626-1650/626-3054,
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ROTOR DYNAMICS ENGINEERING

Dates: February 16-18, 1981

Place: Daytona Beach, Florida

Obijective: This intensive course has been especially
designed for specialists, engineers, and scientists
working in industrial and governmental facilities
involved with rotor dynamics. This course provides
participants with an understanding of the principles
of rotor dynamics and the app'ication of these
principles to practical problems in rotor dynamics
engineering.

Contact:. Union College, Office of Graduate
Studies, 1 Union Avenue, Schenectady, NY 12308 -
(518) 370-6288.

APPLIED VIBRATION ENGINEERING

Dates: February 16-18, 1981

Place: Daytona Beach, Florida

Objective: This intensive course is designed for
specialists, engineers and scientists working in in-
dustrial, governmental and educational institutions
involved with design ajainst vibration or solving
of existing vibration problems, This course provides
participants with an understanding of the principles
of vibration and the application of these principles
to practical problems of vibration reduction.

Contact:  Union College, Office of Graduate Stud-
ies, 1 Union Avenue, Schenectady, NY 12308 - (518)
3706288,

MARCH

FIXTURFE DESIGN FOR VIBRATION AND SHOCK
TESTING

Dates: March 26, 1981

Place: St. Petersburg, Florida

Objective: The seminar is designed mainly for dy-
namics test personnel desiring an understanding of
practical approaches to the design and fabrication
of text fixtures used in vibration and shock testing.
Most of the potential students are employeu by test
activities of Government and military facilities, as
well as major defense contractors,

Contact:  Wayne Tustin, 22 East Los Ofivos St.,
Santa Barbara, CA 93105 - {(815) 682-7171.

MACHINE PROTECTION

Dates: March 34, 1981

Place: Houston, Texas

Dates: April 22-23, 1981

Place: Chicago, llinois

Dates: April 28-29, 1981

Piace: Buffalo, New York
Dates: May 6-7, 1981

Place: Edmonton, Alberta, Canada
Dates: September 16-17, 1981
Place: New Orleans, Louisiana
Dates: October 20-21, 1980
Place: Houston, Texas

Dates: October 27-28, 1981
Place: Pittsburgh, Pennsylvania

Objective: This is our most basic seminar, It provides
an indepth examination of proximity measurement,
probe installation techniques, and monitoring systems
including types, functions, and calibration proce-
dures, In addition, Bently-Nevada provides an over-
view of some of the instrumentation used for vibra-
tion analysis including oscilloscopes, scope cameras,
and specialized filter inrstruments. The seminar is
aesigned for those individuals responsible for instal-
lation and proper operation of in-place monitoring
systems - maintenance technicians, instrument en-
gineers, and operators.

Contact: Marketing Training Department, Bently-

Nevada Corporation, P.O. Box 157, Minden, NV
89423 - (702) 782-3611, Extension 224,

ADVANCED GIFTS 5 USER WORKSHOP AND

GIFTS 5 SYSTEMS WORKSHOP
Dates: March 9-13, 1981
Place: Tucson, Arizona

Objective: Two parallel sessions are planned, ar ad-
vanced user workshop (AW}, intended for users al-
ready familiar with GIFTS, and a systems workshop
(SW), aimed at the programmer who intends to
modify, implement or add to the system, The last
dav of the week will be devoted to a GIFTS Users
Group meeting, in which GUG members may present
papers and interact on various issues.

Contact:  Dr, Hussein A, Kamel, Professor in Aero-
space and Mechanical Engineering, College of En-
gineering, University of Arizona, Tucson, AZ 85721 -
(602) 626-1650/626-3054.
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MEASUREMENT SYSTEMS ENGINEERING

Dates: March 9-13, 1981

Place: Phoenix, Arizona

MEASUREMENT SYSTEMS DYNAMICS

Dates: March 16-20, 1981

Place: Phoenix, Arizona

Objective: Program emphasis is on how to increase
productivity, costeffectiveness and datawalidity of
data acquisition groups in the field and in the labora-
tory. Emphasis is also on electrical measurements of
mechanical and thermal quantities.

Contact: Peter K, Stein, 5602 East Monte Rosa,
Phoenix, AZ 85018 - (602) 945-4603/946-7333.

MECHANICAL ENGINEERING
Dates: March 30 - April 3, 1981

August 31 - September 4, 1981
Place: Carson City, Nevada
Objective: This is our most comprehensive presen-
tation cf rotor dynamics theory, and machinery mal-
function descriptions and demonstrations, A guest
speaker in the field of rotor dynamics is invited to
present the theoretical portion of the seminar., A
full day will be spent in a rotor lab workshop al-
lowing individual instruction and operation of the
demonstration units, This session is designed for the
mechanical engineer who has responsibility for the
proper ogeration of major rotating machinery,

Contact: Marketing Training Department, Bently-

Nevada Corporation, P.O, Box 157, Minden, NV
89423 - (702) 782-3611, Extension 224,
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NEWS BRIEFS

NOISEXPO ‘81 FEATURES UNIQUE
MINI-COURSE PROGRAM

NOISEXPO B1, the National Noise and Vibration
Control Conference and Exhibition, will be presented
April 69, 1981 at the Hyatt Regency O’Hare, near
Chicago’s O‘Hare Airport,

The conference program features a unique series of
mini-courses on noise and vibration control, noise
and vibration measurements, modal analysis, environ-
mental noise regulation, and related topics. Presented
by highly-skilled professionals, the minicourse ses-
sions cover basic and advanced material. NOISEXPO
registrants may select from one to eight course units
specifically tailored to their own information needs.

The conference program also includes a series of
technical sessions featuring papers and workshop
discussions on selected problem areas within the
general topics of industrial noise control, instrumen-
tation and medsurements, product design and testing,
environmental noise, and hearing conservation,

NOISEXPO ‘81 serves individuals who are concerned
with noise and vibration control and related topics.
Engineers, technicians and managers from industry;
personnel from governmental agencies; educators; and
researchc s * vill benefit from the program,

The NOISEXPQO 'B1 exhibition features instrumenta-
tion for noise and vibration measurement, products
for noise and vibration control, and equipment for
hearing conservation programs,

For further information, contact: NOISEXPO, 27101
East Oviatt Road, Bay Viilage, OH 44140 - (216)
8350101,

IES 2nd NATIONAL CONFERENCE & WORKSHOP
Announcement and Call for Papers

The Institute of Environmental Sciences will hold its
2nd National Conference and Workshop on Environ-

news on current
®* and Future Shock and
s Vibration activities and events

mental Stress Screening of Electronic Hardware on
September 21-25, 1981 at the ban Jose Hyatt House,
San Jose, California,

Since the first ESSEH Conference and Workshop in
early 1979, government and industry has focused
considerable attention on the utility of environmental
stress screening as a cost-effective technique for
precipitating latent part and manufacturing defects
prior to delivery of electronic hardware. Thermal
cycling and random vibration and the synergistic
relationship between these screens has been of
particular interest.

Accordingly, the Institute of Environmental Sciences
has sponsored a project to develop screening guide-
lines based on the collection and analysis of industry
screening program data. A second National Confer-
ence and Workshop will be conducted to present
these guidelines and to provide a forum for the
presentation of papers representing the state-of-the-
art on the subject, Typical of topics considered
appropriate for the paper sessions are:

e Environmental Stress Screening Theory

e Screening Program Development/!mplementa-
tion

Screening Case Histories

Contract Language for Screening

Costs vs Benefits of Screening

New Screening Methods

Screening Facilities and Test Equipment Con-
siderations

The papers can cover any or all levels of assembly
from parts to complete systems, Deadline for submis-
sion of papers is February 1, 1981,

For further information, contact: August L. Lena,
ESSEH Technical Program Co-Chairman, Hughes
Aircraft Company, Bldg. 21, Mail Station M116,
Centinela and Teale Streets, Culver City, CA 90230 -
(213) 3910711, Ext, 4944,




52nd SHOCK AND VIBRATION SYMPOSIUM
Meeting Announcement

The 52nd Shock and Vibration Symposium will be
held on October 27, 28, and 29, 1981 at the Monte-
leone Hotel, New Orleans, Louisiana. The Defense
Nuclear Agency will be the host. The initial "“Call
for Papers” is expected to be issued by early March
1981.

For further information, contact: Henry C. Pusey,
Director, The Shock and Vibration Information
Center, Code 5804, Naval Research Laboratory,
Washington, D.C. 20375 - (202) 767-2220.

11th Transducer Workshop
June 9-11, 1981

Seattle, Washington

The 11th Transducer Workshop will be held in
Seattle, Washington on June 9-11, 1981, The Work-
shop is a gathering of people interested in measuring
physical parameters with transducer technology.
Applications are in flight, field, and laboratory test-
ing.

The objectives of this workshop are:
¢ Provide a common forum for people whose

principal interests are identified with trans-
ducers.

o Give participants the opportunity to learn
what state-of-the-art work is being done by
colleagues.

o Provide for discussion of real problems in
measurement and solutions using hardware,
technique, and know-how,

e lIdentification and discussion of what's new in
techniques, transducers, and applications,

e Promote improvement of communications be-
tween transducer users and manufacturers, to
further mutual assistance in problem solving
and to improve capabilities.

The Workshop is sponsored by a Transducer Com-
mittee of the Telemetry Group, which reports to the
Range Commanders Council of the national test

ranges.

Workshops are just what the name says; everyone is
expected to contribute something from his knowl-
edge and experience, The ratio of paper presentaticns
to open discussions is about 1:4, As a knowledge-
sharing work session, the participants are the program
in a very real sense, The extent and enthusiasm of
everyone's knowledge-sharing determines the success
of the Workshop, These elements have beer. a tradi-
t'an since the first workshop,

For further information, contact: Charles E. Thomas,
AFWAL/FIBG, WPAFB, OH 45433 - (513) 255-
4127, Autovon: 7854127,
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REVIEWS OF MEETINGS

SECOND INTERNATIONAL CONFERENCE
ON VIBRATIONS IN ROTATING MACHINERY
Churchili Coliege, Cambridge
September 14, 1980

Reviewed by Ronald L. Eshleman, Ph,D.
Director, The Vibration Institute
Clarendon Hills, IL 60514

The demands of the societies of the world for goods
produced with ever increasing efficiency and less
energy have motivated the design of high-speed, light-
weight machinery. One unavoidable by-product of
such machinery, mechanical vibration, must be faced
oy the designer, developer, and user.

Churchill College, Cambridge was the venue for the
Second International Conference on Vibrations in
Rotating Machinery held on 1 to 4 September, 1980.
This successful conference was sponsored by the
Applied Mechanics Group of the Institution of
Mechanical Engineers. Cosponsors included the
American Society of Mechanical Engineers, The
Japan Society of Mechanical Engineers, Verein
Deutscher Ingenieure, and the International Federa-
tion for the Theory of Machines and Mechanisms,
The planning panel and its chairman, Paul G. Morton
of GEC Power Engineering Ltd., Stafford, are to be
congratulated for organizing an informative meeting
that stimulated discussions of various new tech-
nology. Sixty-eight papers, to be published as a
bound proceedings by the Institution, were presented
and discussed by more than 280 delegates from 23
countries,

The Conference was the first international meeting
at which engineers interested in mechanical signature
analysis were able to exchange information on
assessing machine faults from vibration signals, The
conference also provided a forum for discussion of
the latest research results on rotor-bearing-foundation
dynamics and balancing.

The formal opening lecture by Professor K, Federn
of the Technische Universitaet, Berlin had to do
with the development by mechanical engineers of
“technical slaves” to do work, Professor Federn
traced the early history of modern machine develop-
ment beginning with the invention of the steam
engine by James Watt (see separate article in this
issue), He itlustrated his concept of the “technical
slave” by relating the energy utilized by enslaved
individuals to that used by such equipment as air-
planes. The opening session also featured a lecture
by Dr. D.M. Smith titled “Recognition cf Causes
of Rotor Vibration in Turbomachinery”, Dr. Smith
spoke about his many experiences in the machine
vibration field,

Mr. Morton directed the activities of the Conference
Dinner and proposed toasts to the Queen, heads of
state of countries represented, and the sponsoring
institutions, Mr, Bryan Hildrew, President of the
Institution of Mechanical Engineers, responded to
a toast to guests and authors by the reviewer, Pro-
fessor Stephen Crandall of Massachusetts Institute
of Technology responded to the toast to the spon-
soring institutions, He mentioned the fact that the
Institution has held the Royal Charter for fiity years
and that 1980 is the centennial anniversary of the
American Society of Mechanical Engineers,

The papers presented at the conference were oriented
toward research, development, and practical applica-
tion of vibration technology in mechanical equipment
including turbines, motors, engines, pumps, com-
pressors, generators, gearboxes, printing machines,
rolling mills, and gyroscopes. Vibrations associated
with such components of mechanica! systems as
shafts, rotcrs, bladed disks, impellers, bearings,
seals, casings, and foundations were also addressed.
Characterizations of stitfness and damping properties
were reported for bearings, squeeze film dampers,
and seals. Among the techniques described tor deter-
mination, assessment, and control of vibration were
computational methods, monitoring, diagnosis, and
balancing.



Several sessions were devoted to papers on specific
topics. Instabilities in rotor-bearing systems were the
focus of a session; the papers in the first half of the
session contained descriptions of parametric rotor
support systems and asymmetrical rotors supported
by asymmetrical foundations and a physical explana-
tion of parametric instabilities in unsymmetric rotors.
The second half of the session on instabilities con-
tained papers on the effects of unbalance on the
stability threshold of rotor-bearing systems,

A session was held on bearings and dampers. The
first half of the session focused on the experimental
identification of bearing stiffness and damping
parameters. The papers had to do with estimating
seal-bearing stiffness and damping and identifying
stiffness and damping coefficients of journal bearings
using the impact method. The second half of the
session was devoted to characterization of various
forms of the squeeze-film damper, That gear drives
continue to stimulate industrial interest was evident
during a strong session in which such aspects of gear
drives as modeling, application, monitoring, and
defect identification were discussed. Standards and
specifications for monitoring gearboxes were given
in conjunction with the use of vibration spectra for
the diagnosis of faults.

Control of vibration through balancing - particularly
for flexible rotors - continues to draw attention, A
session on balancing contained descriptions of such
techniques as the use of ~.athematical programming,
the polar plotting mcthod during machine startup,
processing surplus information in computer-aided
balancing, and double overhung compressors with
skewed wheels and bowed shafts, One paper de-
scribed a unified approach to flexible rotor balancing
that integrates the influence coefficient method and
the modal methods,

Double frequency (two times rotational frequency)
excitation in turbogenerators was the topic of papers
on calculation of the vibration behavior of coupled
rotating shafts containing a transverse crack, anisot-
ropy of bearings, and weight effects. Three papers on
vibrations in gyroscopes dealt with bearings, bearing
suspensions, and dynamic tuning of supports.

Long unrecognized in rotor system modeling, seals
were the subject of a strong session on load-depen-
dent low-frequency vibrations of high-pressure rotors
on large turbogenerators. The topics included analysis

of high pressure oil seals for optimum turbocompres-
sor dynamic performance, effect of labyrinth seals
on rotor whirl instability, and spring and damping
coefficients of labyrinth seals.

The role of foundaticns in the modeling of rotor-
bearing systems for calculation of critical speeds and
rotor response was discussed during a session on
casings and foundations, Papers were presented on
the influence of casing stiffness, techniques for com-
putation of coupled rnachine/foundation vibrations,
anc techniques for reduction of problem size prior
to computation,

The closing session contained papers on practical
vibration analysis of a high pressure steam turbine in
a large ammonia plant, coupling selection in engine
test beds, and coupling effects on the vibration in
steel rolling mill drives.

Prior to his closing remarks Mr, Morton accepted
comments and criticisms on the conference and
solicited ideas for future meetings. He thanked the
authors and delegates for their contributions and
summarized the meeting. He noted that many of the
papers had to do with rotor dynamics and balancing -
as was the case in 1976 at the First International
Conference -- and that seals received increasing
attention, He expressed surprise at the lack of papers
on turbomachinery blading and noted that more
papers on quantitative data are needed ~ an opinion
enthusiastically seconded by this reviewer,

Although the results of the Second International
Conference on Vibrations in Rotating Machinery
have yet to be digested and applied, the informa-
tion presented will be cited for its contributions to
vibration technology. This Conference is the continu-
ation of a successful dialogue among engineers -
designers, developers, and users - concerned with
vibrations in rotating machinery,

51ST SHOCK AND VIBRATION SYMPOSIUM

21.23 October 1980
Holiday Inn at the Embarcadero
San Diego, California

The 51st Shock and Vibration Symposium, sponsored
by the Shock and Vibration Information Center
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{SVIC), was held in San Diego, Calitornia in October,
It was hosted by the Naval Ocean Systems Center of
the United Sates Navy. The formal technical program
consisted of more than 75 papers {see Vol. 12, No. 9
of the DIGEST for the comgplete program; paper
summaries are available from SVIC; papers will be
published in the SHOCK AND VIBRATION BUL.-
LETIN). A series of technical plenary sessions were
conducted during the symposium, Mr., Edward F,
Noonan delivered the second Elias Klein Memorial
Lecture - “An Approach to the Limitation and Con-
trol of Shipboard Vibration”. Henry Pusey, Director
of the SVIC, the members of the SVIC staff, and the
Program Committee are to be congratulated for as-
sembling an interesting program, Among the 350
participants were representatives of the federal
government, industry, and academic institutions,
The combination of formal and informal technical
programs effected a meaningful transfer of shock
and vibration technology.

The Opening Plenary Session

The opening plenary session was chaired by Dr,
Richard Swim, Superintendent, Marine Technology
Division, Naval Research Laboratory. The keynote
address was given by Mr, James E. Colvard, Deputy
Chief of Naval Material, Naval Material Command,
He noted that the design of weapon systems is the
bottom line of this activity and that in the material
acquisition process sharing of common information
gathered is critical - rather than replicating past bad
experiences. Mr, Colvard stressed the need for tech-
nical excellence. He noted that in running programs
standards of excellence must be maintained; and, an
age mix of technical people is necessary to obtain
continuity.

Mr. Colvard predicted that in the wars of the fu-
ture we will not have the option of substituting
the manufacture of autos for tanks. We will not
have time to convert from peace to war activities,
It is important that governmental management keep
this fact in mind. He noted that while SVIC operates
in a narrow field it is a critical one, There is no
greater obligation to be right than when nobody can
judge whether you are right or wrong, You can ex-
pect criticism in a field that can be judged. He com-
mended the SVIC for its work in the technical infor-
mation area.

Mr. Edward F. Noonan of NKF Engineering Associ-
ates, Inc. gave the second Elias Klein Memorial Lec-
ture on “An Approach to the Limitation and Control
of Shipboard Vibration’. Mr, Pusey introduced the
speaker and noted that he was one of the persons
who attended the first Shock and Vibration Sympo-
sium in 1947, Mr. Noonan stressed the importance of
shipboard vibration including structural integrity,
mechanical suitability, and human inhabitability 1o
ship operation and performance, He reviewed some
history of early work and organization at the Bureau
of Ships and its predecessors the Bureaus of Steam
Engineering and Construction and Repair starting in
1939 when he came to Washington. The older ships
had reciprocating steam engines and some like the
Midway and Coral Sea had serious screw vibration
problems, He noted that Professor Den Hartog came
to the Bureau of Ships during this time,

Mr. Noonan emphasized the need for specifications,
He insisted that we still do not have satisfactory de-
sign methods to build ships free of excessive vibra-
tion, Tradition has it that hydrodynamicists and/or
naval architects design the ships and the vibration
engineer is left to patch up any vibration problems,
While there is much theoretical research on wake
forces it does not mean that the ship is designed free
of vibration, The shock effects [ook dramatic; how-
ever, the vibration effects cause noise, fatigue, and
failures, Corrosion fatige has become a problem,

Mr. Noonan, who had an influence on the develop-
ment of the MIL-STD-167 on shipboard mechanicai
vibration, discussed its development &ind applicaticn,
He discussed the fact that the Navy paid in excess
for equipment due to tight standards. He intimated
that today the Navy is paying more for equipment
which is below the normal commercial quality, He
discussed the Nautilus, Polarius, and Spruance ship
classes with respect to the details of shock and vibra-
tion including design, development, and testing.

Mr. Noonan proposed that studies be conducted to
see why we have good and bad ships, Ships of all
sizes provide a good field laboratory - but they are
not used, Not enough investigations of why problems
occur are made, He also stressed the need for unified
standards., He discussed his activities within the
International Standards Crganization from 1975 to
1980.



Mr. Noonan concluded that all shock and vibration
aspects must be related to specifications and that
these aspects must be a line item in the procurement
and development processes, Otherwise they will not
be heeded.

Dr. David J. Ewins of Imperial College of Science and
Technology, London, gave an invited presentation on
“State-of-the-Art Assessment of Mobility Measure-
ments. A Summary of European Results”, Dr. Ewins
discussed mobility measurement techniques devel-
oped thirty years ago on shipboard machinery vibra-
tions. The state-of-the-art assessment of mobility
measurements in Europe was made by issuing stan-
dard models to participating laboratories, These
model tests had a 2-2000 Hz dynamic range. The
object of the exercise was to find out how repeatable
the tests were. Three types of data were requested:
1) mobility curves, 2) modal analyses and modal
properties of structures, and 3) dynamic properties of
substructures. The dynamic properties of substruc-
tures were used to obtain the properties of structures,
Dr. Ewins showed the measurement results from
several structures tested by different laboratories.
He compared the results obtained from different
excitation tests — sinusoidal, random, and transient.
In conclusion, results of these tests were mixed — he
noted that more cross checks including reciprocity
measurements are needed., (A similar test program
for mobility measurements on specified models is
now being orjdnized in the United States by the
SVIC.)

Plenary Lectures

Colone} Ben H. Swett, Office of the Undersecretary
of Defense for Research and Engineering, delivered
a plenary lecture on the “Department of Defense
Policy on Reliability and Maintainability”, Colonel
Swett noted with an example how the Department of
Defense ofien inadvertantly rewards those who pro-
duce goods of poor quality, He noted how Directive
5000.40 provides a sharp distinction between reli-
ability engineering and accounting - it does require
both and a balanced program for a good return on
investment,

Colonel Swett described the two types of tes'ing
required - developmental and proof testing. in the
developmental tests, components and systems are
tested, analyzed and fixed - failures are not bad,

In the proof testing, qualification is sought - failures
are bad, DOD has always emphasized proof tests,
Directive 5000.40 has redefined reliability in terms
of mission and maintenance aspects, He noted that
MIL-STD-810 snould be identified with the test-fix-
test developmental tests,

In conclusion, Colonel Swett defined the new reli-
ability and maintainability policies in DOD, stressed
the prerequisites to R&M by design, terminology,
growth, cost effectiveness, and acquisition program
phases, He noted that the test-fix-test procedure will
get problems out early and eliminate failures in proof
tests.

The second plenary lecture was given by Mr. Robert
Dyrdahl, Chief of Structural Dynamics, Boeing
Company, on “Necessary and Sufficient Qualifica-
tions on Shock”, Mr, Dyrdahi noted that we need
better design techniques and shock qualifications,
in addition, efficient technology transfer is required
because we don't have time to reinvent the wheel,
He discussed typical equipment and the complex
design process, Rules of thumb and minor calcula-
tions are used for concept development and pre-
liminary design, Final design calculations are made
with component mode synthesis and finite element
calculations, He discussed shock test facilities and
factors of safety noting that conservatism generally
adds reliability,

Mr. Dyrdahi discussed the U.S. balance of trade
deficits and how they could be improved by better
technology, more researct,, and technology transfer,
in this light he issued a challenge to the SVIC: to
accomplish major improvement in defining the de-
tailed unified methods and guidelines to ensure
necessary and sufficient qualifications for shock and
vibration, Mr, Dyrdahl elaborated on the analytical
methods including concept design, preliminary de-
sign, final design, and test support, Test methods and
specifications for concept development, preliminary
design and final design were discussed, The proce-
dures should be related to the product and include
both analysis and test methods Some of the specific
items discussed were definiticn of design loads, test
data extrapolation, and combination of methods,

In conclusion, he noted that the SVIC document

would not onlv assist in the U.S, balance of trade
but also give assurance to U.S. users of equipment,
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Technical Program

The formal technical program consisted of nine
sessions containing full length papers and one session
on short discussion topics. Sessions oriented to
specific hardware including submarine shock and ship
dynamics, The papers on specific ship hardware were
mainly analytical in nature - descriptions of phenom:-
ena and techniques to solve practical probleris.

Sessions on environmental testing and shock testing
were of interest for their general testing techniques
like the improved recursive formula for calculating
shock response spectra by D.O. Smallwood, Most
papers were applied to specific hardware on aircraft,
missiles, and ships. An associated session on specifica-
tions and reliability featured an interesting opening
lecture on myths and sacred cows in shock and vibra-
tion by Henry Caruso. An interesting paper involving
the assessment and comparison of vibration specifica-
tions was given by J.H. Schmidt. In general, his was
a good overall session on criteria and testing require-
ments,

An active session on damping and isolation contained
several papers on the application of the finite element
method to the prediction of the vibration response of
damped and isolated structures. Papers on the prop-
erties of viscoelastic materials and their application
to structures were of interest,

Mathematical analysis applied to the modeling and
calculation of the vibration response of structures
was the subject of sessions - Dynamic Analysis, Shock
Analysis, and Analysis. These sessions featured papers
on offshore platforms, blading, beams with moving
loads, media structure interaction, rotating machine-
ry, and liquids. Among the interesting papers in the
sassion on shock analysis was buckling in cylindrical
shells due to whipping excitations and a shock re-
sponse spectrum method of solution for displacement
forcing by F.C. Nelson, The Analysis session con-
tained much new material on parameter identifica-
tion, modal analysis, and structural synthesis, These
techniques were applied to aircraft flutter, ground
transport suspensions, shipping containers, and air-
craft,

The Fifty First Shock and Vibration Symposium was
both technically informative and interesting. Again
like the Fiftieth, the plenary sessions added an inter-
esting dimension to the meeting, The plenary speak-
ers added the overviews and interesting philosophical
insights needed in a meeting of this scope. The
plenary talks helped unify the technical material
presented in the meeting, Papers presented at the
symposium will be reviewed for quality of technical
content and published in the 51st SHOCK AND
VIBRATION BULLETIN availabie from the SVIC.

R.L.E.
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MECHANICAL SYSTEMS

ROTATING MACHINES
(Also see Nos. 69, 76,94, 174, 186, 190, 191, 212)

81.1

Finite Element Analysis of Turboexpander Vane
Vibrations

R.J. Schaller and R.B. Currie

Air Products and Chemicals, Inc., Allentown, PA,
Reliability, Stress Analysis and Failure Prevention
Methods in Mechanicai Design, Intl. Conf., Aug 18-
21, 1980, San Francisco, CA, W.D. Milestone, ed.
ASME: 1980, pp 181-184, 5 figs, i table, 8 refs

Key Words: Impeliers, Fatigue life, Vanes, Finite element
technique

The finite-element analysis ¢f a radisl-inflow turboexpander
impeller is described with regard to fatigue damage to the
vanes. Selection of a suitsble finite-element code is dis-
cussed, along with suggestions on developing the model.

81.2

Numerical Treatment of Helicopter Rotor Stability
Problems

R. Vepa and T.S. Balasubramanian

National Aeronautical Lab., Bangalore, India, Emerg-
ing Technologies in Aerospace Structures, Design,
Structural Dynamics and Materials, Aerospace Conf,,
Aug 13-15, 1980, San Francisco, CA, J.R. Vinson,
ed. ASME: 1980, pp 307319, 6 figs, 14 refs

Key Words: Helicopter rotors, Stability, Numerical analysis

The problem of calculating the Fioquet transition matrix
for parametric stability problems is considered. A new meth-
od of calculating the transition matrix with a minimum oum-
ber of time steps 18 described. The method is shown to be
extremely efficient for 8 wide class of helicopter stability
problems,

813
Development of Advenced Rotor/Bearing Systems for
Feed Water Pumpa. Final Report

M.L. Adams, Jr. and E. Makay
Akron Univ., OH, 45 pp (Nov 1979)
EPRI-FP-1274

Microfiche copies only

Key Words: Rotor-bearing systems, Pumps, Design tech-
niques, Vibration reduction

Many common feed pump failures are associated with or
directly casused by excessive pump vibration, A fourphase
project has been undertaken to develop pump design im-
provements and new configurations whch potentially reduce
pump vibration and related failures. Phase 1 of this project
has been completed and is summarized.,

814

Non-Linear Dynamic Analysis of Rotors by Finite
Element Method

A.V.K. Murty and A. Raman

Dept. of Aeronautical Engrg., Indian Inst, of Science,
Bangalore 560012, India, J. Sound Vib., 69 (4), pp
559668 (Apr 22, 1980) 3 figs, 6 tables, 8 refs

Key Words: Rotors {machine elements), Nonlinear theories,
Finite element technique, Natural frequencies

Nondinesr natural vibration characteristics and the dynamic
response of hingeless and fully articulated rotors of rectangu-
lar cross-section are studied using the finite slement method.
In the formulation of resoonse problems, the global variables
are augmented with sppropriate additional varisbles, facilitat-
ing direct determination of subharmonic response. Numeri-
cal resul’s are given showing the effect of the geometric non-
linearity on the first three natural frequencies,

813

Aspects of Shaft Dynamics for Industrial Turbines
L. Busse, D. Heiberger, and J. Wey

Brown Boveri Rev., 67, pp 292-299 (May 1980) 14
figs

Key Words: Shafts (machine slements), Unbslanced mass
response, Lateral vibration, Computer programs

To provide precise information on the vibration behavior of
industrial turbines, a computer program was developed to
determine natural lsteral frequencies and vibrations caused
by unbalance. This technique has proved to be very relisble,
as verified by experience with countiess turbosets.
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816

Crankshaft Design and Evaluation - Part 2 - A Modem
Design Method: Modal Analysis

E. Bargis, A. Garro,and V. Vullo

Progettazione e Sperimentazione, Torino, Italy, Reli-
ability, Stress Analysis and Failure Prevention Meth-
ods in Mechanical Design, Intl. Con{,, Aug 18-21,
1980, San Francisco, CA, W.D. Wilestone, ed.,
ASME: 196u, pp 203-211, 11 figs, 2 tables, 8 refs

Key Words: Crankshafts, Shafts (machine elements), Modal
snalysis, Design techniques

A modern crankshaft design method, having a broad validity
range and free from most limitations, is presented. The
dynamic analysis of crankshafts is cerried out using the
modal analysis method sand the results are experimentally
verified.

81.7

Crankshaft Design and Evaluation - Part 3 - Modem
Design Method: Direct Integration

E. Bargis, A. Garro,and V. Vullo

Fiat Auto S.p.A. Progettazione e Sperimentazione,
Torino, Italy, Reliability, Stress Analysis and Failure
Prevention Methods in Mechanical Design, Intl, Conf,,
Aug 18-21, 1980, San Francisco, CA, W.D. Mileston:,
ed., ASME: 1980, pp 213-218, 6 figs, 1 table, 4 refs

Key Words: Crankshafts, Shafis {machine elements), Non-
linear theories, Computer programs, Design techniques

Results of a crenkshaft dynamic analysis obtained by a
sanersl computer progrem developed for this purpose, are
reported. Theoretical stress values on fillets are checked,

818

On the Development of Traveling Load Finite Ele.
ments

J. Padovan and |. Zeid

The Univ, of Akron, Akron, OH 44325, Computers
Struc., 12 (1), pp 77-83 (July 1980) 13 figs, 19 refs

Key Words: Rotsting structures, Moving loads, Finite ele-
maent technique

Specislized finite elements are devised to handle traveling
losd problems in stationary and moving/rotsting semi-infinite

and body of revolution structures. The generality of the ele-
ments is such that the full range of rectilinear/rotary loading
and structural velocities can be handled. Such phenomena as
resonances and standing as well as traveling sub/supersonic
waves can be simulated, The accuracy and capabilities of the
elements are demonstrated by seversl numerical examples.

RECIPROCATING MACHINES

819

The Use of Slide Valve Pumps - The Means for an
Active Noise Insulation of Machine Tool Hydraulic
Drives (Einsatz von Sperrschicberpumpen - ein Mittel
zur aktiven Gerauschminderung hydraulischer An-
tribe fiir Werkzeugmaschinen)

St. Sommerschuh and G. Schmeisser
Forschungszentrum des Werkzeugmaschinenbaues im
VEB Werkzeugmaschinenkombinat, ‘Fritz Heckert’
Karl-Marx-Stadt, Maschinenbautechnik, 29 (1), pp
15-16 (1980) 4 figs, 2 refs

Key Words: Pumps, Hydraulic equipment, Machine tools,
Noise reduction

Use of a sliding valve pump in a hydraulic cabinet instead of
a gear pump is described. The soundless pump gives a uni-
form oil flow and results in a slight pressure change in the
hydraulic cabinet,

POWER TRANSMISSION SYSTEMS

81-10

Dynamic Model of a Hydraulic Motor with Cycloidal
Toothing and with a Planetary Motion of the Rotor
(Dynamisches Modell eines Hydromotors mit zyk-
loidaler Verzahnung und mit einer Planetenbewegung
des Rotors)

P.D. Nhuan and A, Oledzki

Tech, University of Warsaw, Poland, Maschinenbau-
technik, 29 (1), pp 34-37 (1980) 10 figs, 6 refs

Key Words: Hydraulic equipment, Fluid drives, Gesr drives,
Pumps, Mathematical models

A dynamic model of a hydraulic motor with cycloidal tooth-
ing and a planetary motion of the rotor is described. Modifi-
cations of the mathematical description and charge of the
direction of energy flov/ resuit in a model of a hydraulic
pump with the same desinn as the motor.



STRUCTURAL SYSTEMS

BRIDSES

81-11

Vertical Vibration Analysis of Suspension Bridges
A.M. Abdel-Ghaffar

Dept. of Civil Engrg., Princeton Univ., Princeton, NJ,
ASCE J. Struc. Div., 106 (ST 10}, pp 2053-2075
(Oct 1980) 7 figs, 11 refs

Kny Words: Bridges, Suspension bridges, Natural frequencies,
Mode shapes

A method of snalysis is outlined for free vertical vibrations of
suspension bridges. The method employs a digital computer
and a finite element approach, and uses 8 linearized theory
which restricts the smplitudes of vihrations to be small. The
analysis is designed to determine the natural frequencies,
modes of vibration, and energy storage capacities of the
different members of the bridge. Both symmetric and anti-
symmetric modes of vibrations are considered.

81.12

Estimation of Fatigue Life of Railway Bridges under
Traffic Loads

L. Fryba

Railway Res. Inst., Prague, Czechoslovakia, J. Sound
Vib., 70 {4), pp 527641 (June 22, 1980) 17 figs,
2 tables, 16 refs

Key Words: Bridges, Fatigue life, Tratfficinduced vibration,
Moving loads

Random modeling of railway bridge loading engbles fatigue
damage to be calculated on the basis of the cumulative dam-
age theory of Palmgren-Miner and the clessification of the
stress-time history by means of the “rain-flow” counting
method. A detasiled study of the effects on the bridge life
of different parameters is presented.

BUILDINGS

81.13
A Technique for Predicting the Performance of Self.
Protecting Buildings with Respect to Traffic Noise

D.J. Oldham and E.A. Mohsen
Dept. of Bldg. Science, Univ. of Sheifield, Sheffield
S10 2TN, UK, Noise Control Engr., 15 (1), pp 11-19
{July/Aug 1980) 8 figs, 19 refs

Key Words: Buildings, Traffic noise, Noise reduction

The resuits of computer simulation and scale model experi-
ments on typical self-protecting building forms sre analyzed.
A design chart suitable for predicting the performance of a
given selfprotecting building, is shown,

81-14

Insertion Loss Measurements of Small Rectangular
Enclosures

E.J. O’'Keefe and D.R. Stewart

Construction Machinery Div., Clark Equipment Co.,
P.O. Box 547, Pipestone Rd., Benton Harbor, Ml
49022, Noise Ce:.trol Engr., 15 (1), pp 20-27 (July/
Aug 1980) 14 figs, 16 refs

Key Words: Noise reduction, Enclosures, Buildings

Insertion loss measurements for two rectangular enclosures
were made in a reverberant room. The data were then com-
pared with the onedimensional models of Jackson and
Junger, the diffuse model of Ver, and a normal mode model.
The results indicate 8 leveling of insertion loss without using
sbsorptive material st high frequencies, and near random
incidence insertion loss behavior with absorptive material.

81-15

Seismic Stability of Block Structures

R.L. Fu.gerson

Ph.D. Thesis, Univ. of California, San Diego, 120 pp
(1980)

UM 8018779

Key Words: Buildings, Concrete, Seismic response

For the purpose of analysis, earthquake demaged reinforced
concrete or concrete masonry structures with degraded con-
nections are modeled ss assemblages of rigid substructures
with only friction scting betwesn them, A statistical analysis
of data from experiments on concrets masonry members
gives an ssymptotic Coulomb law describing this friction
which is included in the model equations of motion. The
esquations of motion for s simple shearwell-floor slab as-
semblage subjected to simulated esrthquake loading are
solved numerically,
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81-16

Seismic Response of Light Atiachments to Buildings
R. Villaverde and N.M, Newmark

Dept. of Civil Engrg., tHlinois Univ. at Urbana-Cham-
paign, IL, STRUCTURAL RESEARCH SER469,
442 pp (Feb 1980)

PB80-185028

Key Words: Buildings, Seismic design

An approximate simple method for predicting the response
of secondary systcms attached to buildings subjected to
sarthquakes is presented. The method is based on the premise
that interaction between a8 primary and secondary system
can be accounted for by analyzing the interconnected system
constructed by such primary and secondsry systems. The
response spectrum method is used to determine the maxi-
mum response of the sssembled system, and analytical ex-
pressions are derived for each step,

81.17

Aseismic Reinforcement of Existing Buildings

N.F. Forell and G.J.P. Nordenson

Forell/Elsesser Engrs., Inc., San Francisco, CA, ASCE
J. Struc. Div., 106 (ST9), pp 1907-1919 (Sept 1980)
10 figs —

Key Words: Buildings, Seismic design, Standards and codes

The differences between possible methods of reinforcement
of buildings against seismic forces and the variations in the
desired resuits sre presented. Examples cited use criteris
ranging from ressonable protection of life through total
code complisnce to optimum protection of life and property.

81.18

Dynamic Analysis Methode for Nuclear Facilities
B.K. Horsager

Hanford Engrg. Development Lab., Richland, WA,
R~gi. No. CONF-790804-2, 12 pp (Apr 20, 1979)
'{EDL-SA-1733-FP

Key Words: Buildings, Nuclear power plants, Dynamic struc-
tursl snalysis, Computer programs

A comparison is made of three different dynamic analysis
methods commonly used in the snalysis of nucleesr facilities,
The methods sre applied to 8 typical nonseactor type nu-
clear facility. The fuel handled is mixed plutonium and

uranium in powder and pellet form which requires design
for severe esrthquake and tormado conditions. The structure
is a two-story reinforced concrete shear wall building with
8 high bay on one end. The comparison is made for earth-
quake motion in the lateral h rizontal direction only.

TOWERS

81-19

Noise from Natural Draft Cooling Towers

W.L. Reinicke and E.P. Riedel

Muller-BBM GmbH, Robert-Koch-Strasse 11, 8033
Planegg/Munchen, West Germany, Ncise Con:rol
Engr.,, 15 (1), pp 28-36 (July/Aug 1980) 15 figs,
1 table, 14 refs

Key Words: Cooling towers, Noise generation, Noise reduc-
tion

The sound generation in large natural draft cooling towers
are considered on the basis of the pulse excitation mechanism
of individual drops. The theoretical and experimental investi-
gations result in some semiempirical formulas which can be
used for calcuiation of the sound power radiated from the
air intake and the air exit. The possibilities and limitations
of noise reduction efforts can be seen from the presented
investigations of individual sources and the sound propaga-
tion inside this cooler type,

ROADS AND TRACKS

81.20

A Three-Dimensional Analysis of the Hunting of an
Unflanged Railway Wheelpair in its Motion along a
Straight Track

C.0. Boyd

Pn.D. Thesis, Univ, of the Witwatersrand, South
Africa (1979)

Key Words: Railway vehicles, 'nteraction: railwheel, Hunt-
ing motion

The sideto-side oscillstory motion of a railway wheelpair
traveling along a straight track is investigsted as an exercise
in threedimensional dynamics.




PRESSURE VESSELS

8121

The Vibration of Core Barrel and Pressure Vessel
(Kmitani noseho valce a tlakove nadoby reaktoru)
K. Vétrovec

National Res. Inst. for Machine Design, Prague-Bécho-
vice, Czechoslovakia, Strojnicky Casopis, 31 {3), pp
305-317 (1980} 13 figs, 3 refs

(In Czech)

Key Words: Pressure vessels, Nuclear reactor components,
Natural frequencies

In the paper the analysis of a systems: pressure vesselcore
barrel is presented. The systems is considered as a double
physical pendulum. Natursl frequencies are determined
either considering coolant influence, either without coolant
influence. The dependence of natursl frequencies on mutual
rigidity and on the type of flow is shown,

POWER PLANTS
(Also see Nos. 18, 21, 120, 180, 187,208, 217)

81.22

Nonlinear Dynamic Analysis of Prismatic Elements
for High-Temperature Gas-Cooled Reactor Cores
H.D. Shatoff, RW. Thompson,and T.H. Lee

General Atomic Co., P.O. Box 81608, San Diego,
CA 92138, Nucl. Engr. Des., 59 (1), pp 185-195
(July 1980) 14 figs, 7 refs

Key Words: Nuclear resctors, Nuclear fuel elements, Com-
puter programs, Nonlinear theories

A discussion of the history and some of the resuits of 8 major
research and development effort to study the dynamic ru-
sponse of the hightemperature gss-cooled reactor core
arrangement to ssismic excitation, with respect to advances
made in the development of analy ticsl methods, is presented,
The computer programs developed to perform the analysis
are described, slong with certein techniques and the modeling
required to utilize them. The purpose is to describe the non-
linasr dynamic snalysis techniques employed to analyze the
HTGR core.

81.23
Flow-Induced Vibration Testing of BWR Feedwater

Spargers

M.R. Torres

General Electric Co., San Jose, CA, Flow-Induced
Vibration of Power Plant Components, The Pressure
Vessels and Piping Conference, PVP No, 41, Aug 12-
15, 1980, San Francisco, CA, MK, Au-Yang, ed.,
ASME: 1980, pp 159-176, 2 tables

Key Words: Boiling water reactors, Nuclear reactor com-
ponents, Fluid-induced excitation

To understand the csuse of vibration and properly verify
improved designs of feedwater spargers, cold flow tests were
performed in a full-scale mockup test facility, Flow-induced
vibrations similar to those measured and observed in actual
plant operstion were reproduceda at the test facility. Empiri-
cal mappings showing regions of high- and low{evel vibration
as a function of geometry and flow rate are provided. Details
of the vibration response and character are also described.

81-24

Seismic Qualification of Equipment - Research Needs
C.Chen and F.L. Moreadith

Gilbert/Commonwealth Engineers and Consultants,
Reading, PA 19603, Nucl. Engr, Des.,59 (1), pp 149-
153 (July 1980) 2 figs, 8 refs

Key Words: Dynamic tests, Seismic response, Nuclesr resctor
components, Equipment response, Standards and codes

Research needed to reconci'e the differences between the
IEEE Standard 344-1975 (Recommended Practices for
Seismic Qualifications of Class 1E Equipment for Nuclesr
Power Stations) and the U.S. Nuclesr Regulstory Commis-
sion Regulatory Guide 1.100 is described. The effects of
shake table mass and stiffness on the dynamic response of
equipment tested, and the effect attributable to the differ-
ence between methods of sttaching to the shake table and
the actual insitu sttachment method is also discussed.

81-25

Seismic Jualification Tests of Nuclear Plant Compo-
nents - Damage Severity Factor Concept

D.D. Kana

Engrg. Sciences Div,, Southwest Res, Inst., San Anto-
nio, TX 78284, Nucl. Engr, Des., 59 (1), pp 155-170
(July 1980) 9 fics, 2 tables, 11 refs

Key Words: Dynamic tests, Seismic response, Electric power
plants, Nuclesr power plants, Nuciesr resctor components
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A new parsmeter, defined as a damage severity factor, is
developed for comparing severity of seismic qualification
tests. It is based on comperative data generated from accel-
erstion and strain responses measured on a typical electrical
cabinet subjected t0 an extensive series of typical qualifica-
tion test conditions. Additional supporting data is correlated
in terms of transfer functions, time histories, response
spectra, peak responses, and time-aversge RMS responses.

81-26

Research Needs for Improved Seismic Safety of Me-
chanical Equipment in Nuclear Power Plants

J.S. Sethi and B.K. Niyoqi

Brown and Root, Inc., P.O. Box 3, Houston, TX
77001, Nucl. Engr. Des., 59 (1), pp 113-115 (July
1980) 3 refs

Key Words: Shock absorption, Electric power plants, Nuclear
power plents, Underground structures, Pipelines

Aress of resesrch on shock absorbing multiple supported
and buried piping of nuclear power plants are recommended.

81.27

Strength and Stiffness of Reinforced Concrete Con-
tainments Subjected to Seimmic Loading: Research
Results and Needs

R.N. White, P.C. Perdikaris, and P, Gergely

Dept. of Structural Engrg., Cornell Univ., ithaca,
NY 14853, Nucl. Engr. Des., 59 (1), pp 85908 (July
1980) 14 figs, 1 table, 5 refs

Key Words: Containment stiuctures, Reinforced concrete,
Nuclear resctors, Seismic response

Results of an experimental investigation on the strength and
stiffness of reinforced concrete subjected to combined bi-
axial tension and simulated seismic forces are presunted. The
test specimens represent g section of a wall of 8 contsinment
structure carrying combined pressurization and seismic load-
ing. Ressarch needs for improved prediction of the response
of contasinment structures to seismic effects are discussed.

81.28
Recommended Research for Improving Seimmic
Safety of Light-Water Nuclear Power Plants

JW. Reed, WA. Von Riesemann, R.P. Kennedy, and
C.B. Waugh

Engrg. Decision Analysis Co., Inc,, 480 California
Ave,, Palo Alto, CA 94306, Nucl. Engr. Des.,59 (1),
pp 5766 (July 1980) 1 fig, 3 tables,2 refs

Key Words: Electric power plants, Nuclesr power plants,
Seismic response

Recommendations for research to improve the seismic safety
of light water reactors are presented based on anaysis of the
answers t0 a questionnaire returned by persons or groups
working in the area of seismic safety of nuclear power plants.

81-29

Earthquake Response of Nuclear Reactor Buildings
Deeply Embedded in Soil

T. Masao, Y. Takasaki, M. Hirasawa, M. Okajima,
S. Yamamoto, E. Kawata, Y. Koori, S. Ochiai, and
N. Shimizu

Fujita Corp., Nuclear Power Plant Civil and Archi-
tecture Dept., 74 Ohdana, Kohokuku, Yokohama
223, Japan, Nucl. Engr. Des., 68 (3), pp 393403
(June 1980) 22 fios, b refs

Key Words: Nuciear reactors, Seismic response, Intsraction:
soil-structure

Experimental and analyticsl studies are made on the dynamic
behavior of deeply embedded structures such as nuciesr re-
sctor buildings.

8130

Critical Seismic Response of Nudear Reactors
R.F. Drenick, P.C. Wang, C.B. Yun, and AJ. Philip-
pacopoulos

Polytechnic Inst, of New York, Brooklyn, NY 11201,
Nucl. Engr. Des., 58 (3), pp 4256435 (June 1980) 9
figs, 5 tables, 13 refs

Key Words: Nuciesr resctors, Seismic response

A method for the evaluation of seismic resistance of impor-
tant structures, perticularly nuciesr resctor structures, is
presented. The method relies on the concept of critical
excitation, which is that excitation that will produce the
largest response peak for 8 structursl varisble of interest.



8131

Present and Future of Equipment Qualification for
Dynamic Loads

G.J. Bohm

Westinghouse Electric Corp., Pittsburgh, PA 15230,
Nudl. Engr. Des., 59 (1), pp 143-148 (July 1980) 4
figs, 8 refs

Key Words: Dynamic tests, Shock tests, Nuclear reactor com-
ponents, Equipment response

Methods being used to justify equipment under transient
dynsmic loads of extreme magnitudes are reviewed. Future
developments needed to obtain a consistent and relible tech-
nology are discussed. The potential and direction for future
developments combined analysis test to obtain a unified
approach are presented.

8132

Equipment Response Spectra for Nudear Power
Plant Systems

J.L. Sackman and J.M. Kelly

Dept, of Civil Engrg., Univ. of California, Berkeley,
CA 947290, Nucl. Engr. Des., 57 (2), pp 277-294 (May
1980} 10 figs, 14 refs

Key Words: Nuclear power plants, Equipment response,
Seismic excitation

An analytical method is developed whereby 8 simple estimate
can be obtained ot the maximum dynamic response of light
squipment attached to s structure subjected to ground mo-
tion. The natursl frequency of the equipment, modeled as a
single-degree-of-freedom system, is considered to be close or
equsl to one of the natursl frequencies of the N-degreeof-
freedom structure. This estimate provides & convenient,
rational basis for the structural design of the squipment and
its installation. The approach is based on the transient analy-
sis of lightly damped tuned or slightly nontuned equipment-
structure systems in which the mass of the equipment is
much smaller than that of the structure. It is sssumed that
the information availsble to the designer is a design spectrum
for the ground motion, fixed base modal properties of the
structure, and fixed-base properties of the equipment. The
results obtained are simple estimates of the maximum accel-
eration and displacement of the squipment. The method can
also be used to trest closely spaced modes in structural sys-
tems, where the squars root of the sum of the squares pro-
cedure is known to be invelid, This snalytical method is aiso
applied to nontuned squipmentstructure systems for which
the conventional floor spectrum method is mathematicelly
valid. A closed-form solution is obtained which parmits an
estimate of the maximum response of the equipmaent to be
determined without the necessity to compute time histories
a8 required by the floor spectrum method,

VEHICLE SYSTEMS

GROUND VEHICLES
(Also see Nos. 57, 59, 65, 183, 206, 207)

8133

Simulation of the Directional Response Characteris-
tics of Tractor-Semitrailer Vehicles

P.S. Fancher, Jr,, C. Mallikarjunarao, and R.L.
Nisonger

Highway Safety Res. Inst., Michigan Univ., Ann
Arbor, MI, Rept, No. UM-HSRI-799, 85 pp (Mar
1979)

PB80-189632

Key Words: Articulated vehicles, Steering effects, Digital
simulation

The capability of a delsiled digital simulation for predicting
the response to steering of tractorsemitrailer vehicles in
obstacie-avoidance maneuvers, tuming near the rollover
limit, and steady turning is examined. dessured and simu-
lated results are presented for a three-exi2 tractor combined
with either a van-trailer or a flat-bed traile.r.

8134

Dynamic Hopper Car Test

M. Kenworthy and C.T. Jones

Engrg. Test and Analysis Div,, ENSCO, Inc., Alex-
andria, VA, Rept. No. ENSCO/DOT-FR-77-21,
FRA/TTC80/01, 75 pp {Mar 1980)

PBB0-187925

Key Words: Railroad cars, Interaction: rail-wheel

A test designed to establish the relationship between ride
performance end track degradation, vehicle component wear,
and the combined effect of rail degradation and component
wear is described. The test was designed to quantify the dy-
namic response of freight vehicles to different track struc-
tures.

81.35

Theoretical Manual and Users’ Guide: Longitudinal-
Vertical Train Action Model

S.K.Yin
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School of Engrg. and Applied Science, Washington
Univ., St. Louis, MO, Rept. No. FRA-ORD-76/278,
69 pp (Apr 1980)

PB80-180557

Key Words: Railroad cars, Impact response (mechanical),
Mathematical models

A mathematical model for simulsting the longitudinalvertical
motion of railroad cers in impact situations is described.
Development snd validation of the model was part of » study
concerned with the phenomenon of coupler bypass resulting
from impact or squesze.

81-36

Dynamic Response of Finite Length Maglev Vchicles
Subjected to Crosswind Gusts

D.P. Garg and T.M. Barrows

Transportation Systems Ctr., Cambridge, MA, Rept.
No. DOT-TSC-RSPA806, 63 pp (Mar 1980)
PB80-181373

Key Words: Ground effect machines, Magnetic suspension
techniques, Wind-induced excitation

A twodegree-of-freedom model for magnetically levitated
finite length vehicles incorporating swey and yaw dynamics
is formulsted. Asiodynamic lsteral forces and yswing mo-
nents on the vehicle resulting from constant speed wind
gusts are computed using snalytical techniques.

SHIPS
(Also see Nos, 70, 116)

8137

European-Built Sea Barge Carviers; Their Design, Ma-
chinery/Hull Interaction; and Investigations into
Vibratory Behaviour

G.C. Volcy, M. Baudin, C. Andreau, A, Manner, and
S. Seppala

Valmet Oy Shipyard, Helsinki, Finland, Trans, Inst.
Mar. Engineers (TM}, Vol, 92, Paper 5 (1980) 9 figs,
5 tables, 12 refs

Key Words: Barges, Ships, Ship hulls, Shipboard equipment
response, Equipment resoonse, Interaction: ship hullma-
chinery, Finite slement technique

32

Some considerations connected with the design and building
of two 37 850 tdw ships and their machinery sre presented,
In order to ensure trouble-free operation, extensive studies
concerning static and vibratory interaction of machinery and
hull were undertaken, involving hydrodynsmic excitations
as well ss treatment from static and dynamic point of view
simultaneously, of twin-ecrew propulsive plant and hull
steel.work, Some resuits of the experimental ressarches and
theoretical calcutations are presented as well as their correla-
tion with the messurements obtsined on the first ship de-
livered, which proved vibration-free,

81.38

Interface Nodes Influence on the Natural Frequencies
of a Simplified Substructured Ship

F.Pinazzi, L. Ricciardiello, and G. Sani

CE.TE.NA,, Italian Ship Res. Assn,, Viale IV Novem-
bre, 6-Genova, Italy, Computers Struc., 12 (1), pp
3347 (July 1980) 17 figs, 19 refs —

Key Words: Ships, Natural frequencies

An extensive systematic investigation is made to compare the
relative sccuracy of different subs*ructuring approaches when
a subset of nodes on the interfaces is eliminated. Results
obtained on a simplified ship structure are presented.

AIRCRAFT
{Also see Nos, 2, 51, 118, 210)

81.39

Asymmetric Stator Interaction Noise

T.G. Sofrin and D.C. Mathews

Pratt & Whitney Aircraft, East Hartford, CT, J. Air-
craft, 17 (8), pp 554660 (Aug 1980) 10 figs, 4
tables, 2 refs

Key Words: Interaction: rotor<stator, Noise reduction, Tur-
bomachinery

An anslysis of the fan noise produced by extraneous props-
gating modes generated by rotor wake interaction with stator
vanes that have random vene sngle devistions is given, Com-
parison of predicted tone levels with model fan dats indicates
good quantitative agreement.
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8140

Spectral Analysis of Non-Stationary Random Pro-
ceases. Application to Noise of Flyover Type

M. Ernoult

Office National d'Etudes et de Recherches Aero-
spatiales, Paris, France, Rept. No. ONERANT-
19794, ESA-TT-639, 180 pp (1979)

Key Words: Spectrum anaiysis, Random noise, Aircraft
noise

Nonstationary noise detected by fixed microphones was
studied during the passage of a8 moving acoustic source
with the objectives of messuring the noise radiation pattern
and character:zing the spatisl distribution of the noise. A
time frequency representation of the energy of nonstationary
rasndom processes and a series of charts which allows the
sdaptation of the spectral analysis processes to the treatment
of nonstationary signais are pressnted.

8141

Response of Nonlinear Aircraft Structural Panels to
High Intensity Noise

C. Mei

Dept. of Mech, Engrg. and Mechanics, Old Dominion
Univ., Norfolk, VA, Emerging Technologies in Aero-
space Structures, Design, Structural Dynamics and
Materials. Aerospace Conf., Aug 13-15, 1980, San
Francisco. CA, J.R. Vinson, ed,;, ASME: 1980, pp
245-272,13 figs, 3 tables, 17 refs

Key Words: Aircraft, Fatigue life, Acoustic excitation

Lightweight aircraft structures exposed to 8 high intensity
noise environment can fatigue fail prematurely if adequate
consideration is not given to the problem. Design methods
and design criteria for sonic fatigue prevention have been
developed based on snalytical and experimental techniques.
Most of the analytical work was based upon small deflection
or linear structural theory which did not agree with the ex-
perimental resuits.

8142

Airceaft Longitudinal Force and Energy Equilibrium
Presented in the Diagram of Korhammer (Krifteg-
leichgewicht und Leistungsbilanz der Flugzeuglings-
bewegung, grafisch dargestellt im Korhammer.Dia-

gramm)
R. Brockhaus and G, Schanzer

Institut fur Flugfilhrung der Technischen Universitat,
Hans-Sommer-Strasse 66, 3300 Braunschweig, Ger-
many, Z. Flugwiss, 4 (3), pp 128-136 (May/June
1980) 13 figs, 11 refs

Key Words: Aircraft, Graphic methods, Equilibrium methods

A diagram showing the solution of the nonlinear equations of
motion of an sircraft is presented, in which the vector poly-
gon of longitudinal forces is linked with the Lilienthal poler.
The addition of the trisngle of velocity vectors ss well ss of
rectangles representing the balance of power gain and power
deficit leads to 8 very comprehensive representation of the
physical relations not cnly in stationary but #!so in acceler-
ated flight in the moving atmosphere.

8143

Experimental and Analytical Transcnic Flutter
Characteristics of a2 Gewed-Elevator Configuration
C.L. Ruhlin, RV, Doghett, Jr., and R.A. Gregory
NASA Langley Res. Ctr,, Hampton, VA, Rept. No,
NASA-TP-1666, L-13544, 30 pp (June 1980)
N80-25321

Key Words: Aircraft, Flutter

Flutter caiculations were made for a geared elevator con-
figuration by using two analytical methods based on subsonic
lifting surface theory. Both methods analyzed the stabilizer
and elevator as a single, deforming surfece, but one method
also allowed the elevator to be analyzed as hinged from the
stabilizer.

8144

Aircraft Dynamic Response to Damaged Ruaways
AGARD, Neuilly-sur-Seine, France, Rept, No. A-
GARD-R-685, 39 pp (Mar 1980)

AD-A085 466/1

Key Words: Aircraft, interaction: wheel-psvement

A study of the potentisl problems of sircraft dynamic re-
sponse to demaged and repeired runways is presented.

8145

NASA-FAA General Avistion Crash Dynamics Pro-
gram - A Status Report

R.G. Thomson and R.C. Goetz
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NASA Langley Res. Ctr., Hampton, VA, J. Aircraft,
12 (8), pp 584690 {Aug 1980) 15 figs, 16 refs

Key Words: Crash research (aircraft), Testing techniques,
Elastoplastic properties, Energy sbsorption

The geners! aviation crash dynamics program involves three
basic areas of ressarch: controlled fuliscale crash testing,
nonlinear structural anslyses to predict large deflection
elastoplastic response, arid load attenuating concepts for use
in improved seat and subfloor structure. Both analytical and
sxperimental methods are used tc develop expertise in these
sress. Analyses include simplified procedures for estimating
energy dissipating capabilities and complex computerized
procedures for predicting airframe response.

8146

Crash Simulation of Composite and Aluminum Heli-
copter Fuselages Using a Finite Element Program
R. Winter, A.B. Pifko, and J.D. Cronkhite

Grumman Aerospace Corp., Bethpage, NY, J. Air-
craft, 17 (8), pp 591697 (Aug 1980) 12 figs, 2 ta-
bles, 5 refs

Key Words: Crash ressarch (sircraft), Helicopters, Computer
progrems, Finite slement technique

A mathematicel investigstion of the crash impact responses
of an allcomposite helicopter cockpit section incorporating
an energy sbsorbing concept and one of conventional slumi-
num construction, using the Grumman DYCAST finite ele-
ment nonlinesr structursl dynamics computer program is de-
scribed.

8147

Aircraft Crashworthiness Studies: Findings in Acci-
dents Involving an Aerial Application Aircraft

W.R. Kirkham, J.M, Simpson, T.F. Wallace, and PM,
Grape

Office of Aviation Medicine, Federal Aviation Admn,,
Washington, D.C., Rept. No. FAA-AM80-3, 44 pp
(Apr 1980)

AD-A084 619/6

Key Words: Aircraft, Crashworthiness

Aircreft crashworthiness features are presentad in terms of
packaging principies. Eighteen sccidents involving an serial
epplicetion aircraft are presented in rcgerd to crashworthiness

findings, crashworthiness being the protection afforded by
the aircraft against injury to the pilots from impact forces.

MISSILES AND SPACECRAFT
{Also see No. 210)

8148

Spacecraft Loads Methodology - Transient va. Shock
Spectra Method

J.C.Chen, J.A. Garba, and M.R. Trubert

Jet Propulsion Lab., California Inst, of Tech,, Pasa-
dena, CA, Emerging Technologies in Aerospace Struc-
tures, Design, Structural Dynamics and Materials.
Aerospace Conf,, Aug 13-15, 1980, San Francisco,
CA, J.R. Vinson, ed, ASME: 1980, pp 225-243, 5
figs, 7 tables, 15 refs

Key Words: Spacecrsft, Launchers, Shock response spectra

The methodology for the establishment of spacecraft loads is
strongly influenced by project constraints which include the
cost, schedule and allowable weight. The most rigorous ap-
proach is the transient loads analysis which requires 8 com-
posite mathematical model of the spacecraft and launch
vehicle. To reduce complexity snd cost a shock spectra
method has been used to design spacecraft structures. These
two methods are evaluated by comparing the loads for
seversl spacecrafts. Flight measured loads are also used in
the evalustion.

BIOLOGICAL SYSTEMS

HUMAN
(Also see Nos. 150, 155)

8149

Aircraft Noise Annoyance Contours: Importance of
Overflight Frequency and Noise Level

R. Rylander, M, Bjorkman, U, Ahrlin, S. Sorensen,
and K. Berglund



Dept. of Environmental Hygiene, Univ. of Gothen-
burg, Gothenburg, Sweden, J. Sound Vib., 69 (4),
pp 583695 (Apr 22, 1980) 4 figs, 1 table, 24 refs

Key Words: Human response, Noise tolerance, Aircraft noise

Social survey studies were made to assess the presence of
genersl sircraft noise annoysnce and activity disturbances,
The noise exposure was expressed as the number of over-
flights/24 hours and the dB(A) level from the noisiest sircraft

type.

81.50

Assessment of Noise Annoyance: The Introduction of
a Threshold Level in Calculations

T. Gjestland and G. Oftedal

Acoustics Lab., ELAB The Univ. of Trondheim, Nor-
way, J. Sound Vib., 69 (4), pp 603610 (Apr 22,
1980} 7 figs, 1 table, 8 refs

Key Words: Noise tolerance, Human responss, Equivalent
sound levels

A modificstion of L.q is suggested based on the simple fact
that noise below a certain threshold may not be heard, and
consequently cannot contribute to the sannoyance. Results
from isboratory experiments show a ressonably good cor-
relation with subjective evalustion.

8151

Community Response to Noise from a General Avi-
ation Airport

S.E. Birnie, F.L. Hall, and SM. Taylor

Dept. of Geography, McMaster Univ,, 1280 Main St.
West, Hamilton, Ontario L8S 4K1, Canada, Noise
Control Engr., 15 (1), pp 3745 (July/Aug 1980) 6
figs, 10 tables, 6 refs

Key Words: Aircraft noise, Human response

Response to aircraft noise around a small genersl aviation
sirport is investigated. The effect of non-noise factors on the
response to noise is explored; annoyance, sleep and speech
interference, tension, and complsints sre siso examined to
determine how each response is related to noise level.

8152

Laboratory Annoyance and Different Traffic Noise
Sources

E. Ohrstrom, M. Fjorkman, and R. Rylander

Dept. of Environmental Hygiene, Univ. of Gothen-
burg, Gothenburg, Sweden, J. Sound Vib,, 70 (3),
pp 333341 (June 8, 1980) 2 figs, 5 tables, 15 refs

Key Words: Traffic noise, Human response

The acute snnoyance reaction to different noise sources —
lorries, sircraft, mopeds snd trains - was investigsted in 8
|sboratory experiment. Students were exposed to different
noise climates for 25 minutes, and their reactions were subse-
quently sssessed by using a questionnaire. General sensitivity
10 noise was alto evaluated.

8153

Predicting the Effects of Vertical Vibration Fre-
quency, Combinations of Frequencies and Viewing
Distance on the Reading of Numeric Displays

C.H. Lewis and M J. Griffin

Inst, cf Sound and Vib, Res., Univ. of Southampton,
Southampton S09 5NH, UK, J. Sound Vib,, 70 (3},
pp 355-377 (June 8, 1980) 8 figs, 11 tables, 16 refs

Key Words: Vibration effects, Vibration frequencies, Human
response, Visual performance

A series of experiments to determine tire sffects of vibration
frequency, viewing distance snd multiple frequency motions
con the reading of numeric characters is described. Contours
of vertical whole-body vibration levels resulting in equal
degradation of the reading task were determined over the fre-
quency range 2:8 Hz to 63 Hz,

MECHANICAL COMPONENTS

ABSORBERS AND ISOLATORS
(Also see Nos. 26, 146, 182,213, 214)

81.54

Auxiliary Mass Throw in a Tuned and Damped Vi.
bration Absorber

A.G. Thompson
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Dept. of Mech. Engrg., The Univ. of Adelaide, Ade-
laide, South Australia 5001, J. Sound Vib., 70 (4), pp
481486 (June 22, 1980) 4 figs, 3 refs

Key Words: Dynamic vibration sbsorption {equipment)

Dynamic vibration sbsorbers should be tuned and optimally
damped to control the amplitudes of vibration of the primary
mass over the whole range of exciting frequencies. The
lighter the suxilisry mass the greater is the amplitude of its
excursions relative to the primary mass. In the case of a
tuned system the maximum stesdy state throw of the auxil-
lary mass cen be easily caiculated from the formulas given,
These sre derived by use of a frequency locus technique,

81353

Systems for Noise and Vibration Control

W.E. Purcell

§/V, Sound Vib.,, 14 (6}, pp 1036 (Aug 1980) 55
figs

Key Words: Noise reduction, Vibration control, Acoustic
sbsorbers, Noise barriers, Silencers

A comprehensive mini-handbook for the selection and ep-
plication of commonly availsble noise and vibration contro!
systems is compiled. Basic information is provided on the
characteristics of sound sbsorptive systems, sound barrier
systems, silencers, and vibration/shock control systems,

81.56

Ring-Loaded Flexural Disc Spring

T.D. Sullivan

Dept. of the Navy, Washington, D.C., U.S. PATENT-
4 196 895,5 pp (Apr 1980)

Key Words: Vibration isolators, Disk springs, Sound trans-
ducers, Underwater structures

A ringdoaded flexural disc spring acts as an isolation mount
in 8 thin cylindricel space in the tail of a longitudinal vibrator
type of underwster sound transducer. The ringdoaded spring
comprises a thin disc having a raised beasring surface at a
specified distance from the perimeter on one s.Je of the
disc and a raised bearing surface at the perimetsr on the other
side of the disc. The spring fiexes into s concave shape when
a load is applied. The operation of the disc is linear over the
entire specified load range.

81.57

Scraper Suspension Acts like a Variable-Rate Spring
J.A. Bednar

Engrg. & Res. Dept., Terex Div., General Motors
Corp., Hudson, OH, Hydraulics & Pneumatics, 2
{8), pp 5962 (Aug 1980) 6 figs

Key Words: Suspension systems (vehicles), Construction
equipment

A new hydrodynamic suspension on the front axle of the
TS-248 Roadrunner scraper is described which enables the
front axie to sbsorb road shock, reduce scraper lope or bob-
bing, and, consequently, reduce cycle time on many jobs,
The suspension also reduces shock transmitted to the frame
by absorbing shock forces before they reach the frame, thus
improving the structural reliability of the scraper.

81.58

Viscoelastic Modeling of Rubber Type Torsional
Elements under Creep and Impulsive Loading Con-
ditions

I.-F. Lin and A, Seireg

Mechanical Engrg. Dept., Univ, of Wisconsin-Madison,
Madison, Wi, Reliability, Stress Analysis and Failure
Pravention Methods in Mechanical Design, Intl, Conf,,
Aug 18-21, 1980, San Francisco, CA, W.D, Milestone,
ed.. ASME: 1980, pp 305-311, 13 figs, 3 tables, 15
refs

Key Words: Eilastomers, Viscoelsstic properties, Impact re-
sponse (mechanical)

Modeling viscoelastic behavior of rubber or polymer type
cylindrical torsional elements under sustsined uniform loads
as well as impulsive load conditions is studied. Series of ex-
periments run at different temperatures are utilized in
developing the models.

81-59

First Order Dynamic Response of Freight Car to
Track Irregularities

S.G. Guins

Transportation Consultant Pueblo West, CO 81007,
J. Engr. Indus., Trans, ASME, 102 (3), pp 258-262
(Aug 1980} 15 figs, 4 refs

Key Wsids: Railroad cars, Freight cars, Suspension systems
{vehicles), Track roughness



A review of simple dynamic response of the freight car sus-
pension to track irregularities, the resultant effect on lading
and energy feedback to the track structure, is presented.

8160

A Trlinear Base-Isolator Concept for Nuclear Power
Plants

P. Varpasuo, K Raty, and J, Kenttala

Imatran Voima Oy, Civil Engrg. Dept., SF-00101 Hel-
sinki, 10, Finland, Nucl. Engr. Des., 58 (3), pp 437-
448 (June 1980) 9 figs, 8 refs

Key Words: Seismic isolation, Nucle r power plants

A friction limited base-solation concept for moderate seis-
micity aress is presented. The idea of the concept is to com-
bine frictional damping with base-isolation. The aim of the
design effort is to develop a system whose stiffness and
damping characteristics are selected to optimize the opera-
tional properties of the isolator device for the given site con-
ditions, so that most favorable combination of acceleration
and displacement responses of the system is achieved,

SPRINGS

81461

Measurement and Representation of the Mechanical
Properties of Truck Leaf Springs

P.S. Francher, R.D. Ervin, C.C. MacAdam, and C.B.
Winkler

Highway Safety Res. Inst.,, The Univ. of Michigan,
SAE Paper No. 800905, 16 pp, 14 figs, 1 table, 3 refs

Key Words: Suspension systems (vehicles), Leaf springs,
Trucks

The forceversusdeflection properties of truck lesf springs
sre studied with respect to the influences of motion ampli-
tude and frequency (0 to 15 Hz) upon hysteretic demping
snd effective spring rate. Measurements showing the influ-
ence of the amplitude of stroking are analyzed for five repre-
sentative examples of currently employed lest springs. A
mathematical method for representing the forcewversusde-
flection characteristics of leaf springs is presented in 8 form
suitable for use in digital simulations of vehicle dynamics.

81-62
Charts Simplify Torsion Spring Design
Design Engineering, pp 6164 (Sept 1980) 5 figs

Key Words: Springs, Torsion bars, Design techniques

A series of charts for stress range and spring index range are
summarized. They were developed as aids in the design of
torsional springs. The charts show how the spring factors
affect each other with each change, and how to optimize
final decisions.

TIRES AND WHEELS

8163

Calculation of Natural Frequencies and Modes of
Tires in Road Contact by Utilizing Eigenvalues of
the Axisyrametric Non-Conlacting Tire

W. Soedel and M.G. Prasad

Ray W, Herrick Labs., School of Mech. Engrg., Pur-
due Univ,, West Lafayette, IN 47907, J. Sound Vib.,
70 (4), pp 573684 (June 22, 1980} 7 figs, 5 tables,
15 rets

Key Words: Tires, Natural frequencies, Mode shapes

Given the experimentsl or theore*ical natural frequencies and
modes of a tire mounted and inflated, but not in ground con-
tact, an analytical method is presented that allows one to
obtain the natural frequencies and mndes when this tire is in
ground contact. This is of practical advantage since messure-
ments or calculations of the tree axisymmaetric tire are con-
siderably simpler than directly measuring or anslyzing the
non-axisymmetric case of ground contact,

8164

Dynamic Behavior and Residual Stresses in Railroad
Wheels

G.F. Carpenter, JM, Wandrisco, and D.E. Sonon

Res. Lab., U.S. Steel Corp., Monroeville, PA, Rept,.
No. FRA/ORD-78/54, 85 pp (Apr 1980)
PB80-194897

Key Words: Wheels, Railroad cars, Freight cars, Fatigue life

A study of t'e dynamic behavior and residual stresses in
straightplate and curvedplste 33-inchdismeter onewesr
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freightcar wheels is conducted. The data developed in this
study, in conjunction with additional data to be developed
in the overall program, can be used to verify finite-element
computer programs and to conduct detailed analyses of the
resistance of various wheels to fatigue failure.

81465

Improved Wheel Tread Profiles for Heavy Freight
Vehicles

P.P. Marcotte, K.J.R. Mathewson, W.N. Caldwell
Canadian National Railways, CN Rail Res. Ctr., Mon-
treal, Quebec, Canada, J. Engr. Indus., Trans, ASME,
102 (3), pp 263271 (Aug 1980) 12 figs, 1 table,
18 refs

Key Words: Wheels, Railroad cars, Freight cars, Interaction:
rail-wheel

Recent theoretical and experimental work carried out in an
sffort to improve the performance of conventional 100-ton
freight car trucks through the use of nonstanderd wheel
tread profiles is described. The steady state curving behavior
of 8 conventional threepiece frame truck is studied using a
nonlinear computer simulation to identify the effects of
wheel conicity and track curvature on wheelrail forces and
on wear parameters.

BLADES
(Also see Nos. 91, 189, 212)

8166

Interferometrically Measured Aerodynamic Forces on
a Vibrating Turbine Blade Group

Z. Kovats

Mechanics Dept., Westinghouse Electric Corp., Res,
and Dev. Ctr., Pittsburgh, PA 15235, J. Lubric.
Tech., Trans. ASME, 102 (3), pp 638645 (July
1980) 16 figs, 1 ref

Key Words: Blades, Turbine blades, Asrodynsmic loads,
Flutter, Interferometric techniques

The instantansous serodynamic force and force center during
a vibration cycle were determined from interferometrically
messured pressure distributions around the leading blade of
s low pressure turbine blade group vibrating in the tangential,
axjal or twist modes. The energy exchange per vibration cycle
between the sir flow and the leading blede of a group, and
the lift and drag dynamic loops were determined for sach of
the three vibration modets.

8167

Thermal Stress and Gas Bending Effects on Vibration
of Compressor Rotor Stages

L. Chen and J. Dugund;ji

Massachusetts Inst, of Tech., Cambridge, MA, J. Air-
craft, 17 (8), pp 576-583 (Aug 1980) 9 figs, 3 tables,
9 refs

Key Words: Rotating structures, Blades, Compressor blades,
Thermal excitation

The effects of transient thermal stresses and steady-state
gas bending loads on the vibration of a rotating, pretwisted
compressor blade and the effect of thermal stresses on the
vibration of a rotsting compressor disk were studicd.

8168

Linear-Nonlinear Interface for Finite Element Tran-
sient Impact Damage Analysis

K.W. Brown

Ph.D. Thesis, Rensselaer Polytechnic Inst., 105 pp
(1980)

UM 8020397

Key Words: Fan blades, Impact response (mechanical), Finite
element technique

A nonlinear transient finite elemaent structural model is inter-
faced with a linesr finite element representation. The new
analysis technique, which allows tocal nonlinesr modeling of
s predominantly linear structursl response, is shown to be
particulerly aspplicable to impact demage analysis of jet
engine fan blades, due to the relatively local nature of blade
nonlinear response to impact events, coupled with the large
ares where linear theory is sufficient for blade impact re-
sponse definition,

BEARINGS
(Also see Nos. 176, 204, 200}

8169

Stability and Transient Characteristics of Four Multi-
lobe Joumnal Bearing Configurations

D.F. Li, K.C. Choy, and P.E. Allaire

Dept. of Mech, and Aerospace Engrg., School of
Engrg. and Applied Science, Univ, of Virginia, Char-
lottesville, VA 22901, J. Lubric, Tech,, Trans. ASME,
QZ. (3), pp 291-299 (July 1980) 6 figs, 25 rets



Key Words: Bearings, Journal bearings, Rigid rotors, Rotors
{machine elements), Fast Fourier transform

The linearized stability threshold of four multilobe journal
bearings — elliptical, offset elliptical, three lobe, and four
lobe - is analyzed. A nonlinear transient analysis of a rigid
rotor in each of these bearings is carried out above and below
the threshold speed. Shaft orbits and bearing forces are cal-
culated. A numericel fast Fourier transform analysis is used
to obtain ..1e frequency content of the nonlinear orbit.

81-70

Hydrodynamic Stiffness and Damping of Ship's
Thrust Bearings (Untersuchungen uber die hydro-
dynamische Steifigkeit und Dampfung von Schiffs-
drucklagem)

H. Schwanecke

vDI-2, 122 (14), pp 605611 (July 1980) 12 tigs,
5refs

{In German)

Key Words: Bearings, Thrust bearings, Lubrication, Dynamic
stiffness, Vibration damping, Ships

During a trial run of a container ship the longitudinal vibre-
tions of the transmission shaft of its 26,000 kW drive system
were messured. A mathematical model of the system was
used for the investigation of the thrust bearings and com-
pared with the experimental r:sults. It was shown that in the
range of mechanical resonaces the response of the oil film
in the thrust bearings is strongly nonlinear, which resuits in
» considersbie reduction of hydrodynsmic stiffness and
damping. It was also found, that aven outside the resonsnce
range, the dynamic load capacities of thrust bearings assume
proportionally small velues, which decresse further with in-
creasing load frequencies.

81.71

A Finite Length Bearing Correction Factor for Short
Bearing Theory

L.E. Barrett, P.E. Allaire, and E.J. Gunter

Dept. of Mech. and Aerospace Engrg., School of
Engrg. and Applied Science, Univ. of Virginia, Char-
lottesville, VA 22901, J. Lubric. Tech., Trans. ASME,
102 (3), pp 283-290 (July 1980) 8 figs, 1 table, 15
refs

Key Words: Besrings, Hydrodynamic excitation, Squeeze
film dsmpers

A rapid method for csiculating the general nonlinear response
of finitedength plain journal and squeeze film damper beer-
ings is presented. The method incorporates a finitedength
correction factor which modifies the nonlinear forces ob-
tained frorn short bearing theory.

81.72

Joumal Bearing Design for High Speed Turboma-
chinery

P.E. Allaire and R.D. Flack

Dept. of Mech, and Aerospace Engrg., Univ, of Vir-
ginia, Charlottesville, VA, Bearing Design - Historical
Aspects, Present Technology and Future Problems,
Intl. Conf,, Aug 18-21, 1980, San Francisco, CA,
W.J. Anderson, ed, ASME: 1980, pp 111-159, 30
figs,9 tables, 13 refs

Key Words: Bearings, Journal beaiings, Turbomachinery,
Design techniques

A wide variety of bearings have been daveloped to combat
some of the different types of vibration probiems, The geom-
etry, theoretical, and experimental results which have been
obtained for a number of bearing types are disci:ssed. A bear-
ing summary chart indicating some of the advar ;ages and dis-
advantages of these bearing types as well as others is in-
cluded.

81-73

Analysis of Dynamically Loaded Floating-Ring Bear-
ings for Automotive Applications

S.M. Rohde and H A, Ezzat

Mech. Res. Dept., General Motors Res, Labs., Warren,
M| 48090, J. Lubric. Tech,, Trans, ASME, 102 (3),
pp 271-277 (July 1980) 5 figs, 9 refs

Key Words: Bearings, Journal bearings, Floating ring journal
bearings, Motor vehicle engines

The irictional performance of dynamically losded flosting-
ring journal bearings is studied and their fessibility for auto-
motive spplications is investigated. The potentisl contribu-
tion of the floatingsing design concept to reduced engine
friction is sssessed, and its compliance with current bearing
dursbility criteria is evsiuated,
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81-.74

Behavior of Finite Journal Bearings under Dynamic
Loading Conditions

G.S.A. Shawki, M.O.A. Mokhtar, and Z.S. Safar
Mechani-al Design Dept., Cairo Univ., Cairo, Egypt,
J. Lubric. "ech., Trans. ASME, 102 (3), pp 333-340
(July 1980) 12 figs, 42 refs

Key Words: Bearings, Journal bearings, Computer programs

Performance characteristics for a complete journal bearing
of finite axial length are obtained analytically using a new set
of boundery conditions. The generalized Reynolds equation
is transformed into three ordinary differential equations, two
of which being readily integrable while the third is solved by
variational methods. By the sid of a specially devised com-
puter program, the validity of the analysis hes been assured
when spplied to prescribed journal loci including stationary,
circular, ellipticel, and linesr harmonic journal oscillation,

81.75

An Improved Short Bearing Analysis for the Sub-
merged Operation of Plain Joumal Bearings and
Squeeze-Film Dampers

CH.T.Pan

Shaker Res. Corp., Ballston Lake, NY 12019, J.
Lubric. Tech., Trans. ASME, 102 (3), pp 320332
(July 1980) 16 fiys, 16 refs

Key Words: Besrings, Journal bearings, Vibration damping,
Squeeze-film dempers

By sllowing the film pressure to assume some subambient
value and by sllowing natursl boundaries of the film to form
in the unlosded region, the short-bearing theory of Ocvirk
and Dubois is extended to include a detailed description of
the cavitstion zone. Two alternative cavitstion configurations
sre shown to be possible, rendering different eccentricity and
attitude sngle for the same load and minimum film pressure.

81.76

Transient Unbalance Response of Four Multiobe
Joumal Bearings

P.E. Aliaire, D.F. Li,and K.C. Chay

Dept. of Mech. and Aerospace Engrg., Univ. of Vir-
ginia, Charlottesville, VA 22901, J. Lubric. Tech,,
Trans, ASME, 102 (3), pp 300307 (July 1980) 8
figs, 19 refs

Key Words: Bearings, Journs! bearirgs, Unbaslanced mass
response

The transient response of four multilobe journal besrings
(elliptical, offset, threedobe, and fourdobe) subject to un-
bslance both below and sbove the linearized stability thresh-
olds for the bearings is analyzed. Transient orbits, bearing
forces, and a numerical fast Fourier transfonn snalysis of
the orbits are presented.

81.77

Spherical Bearings: Static and Dyuamic Analysis via
the Finite Element Method

P.K. Goenka and J.F. Booker

School of Mechanical and Aerospace Engrg., Cornell
Univ., Ithaca, NY 14853, J. Lubric., Tech., Trans,
ASME, 102 (3}, pp 308-319 {July 1980) 15 figs, 4
tables, 14 refs

Key Words: Bearings, Spherical bearings, Finite element tech-
nique

The finite element method presented here can be used to
analyze virtusily any spherical bearing having an incompres-
sible lubricant between surfaces which are smooth, rigid, and
impermeable, The method can be essily extended to sccount
for permesble surfaces and lubricants with variable viscosity
and density.

81.78

Dynamic Characteristics of Aerostatic Thrust Bear-
ings with Porous Inserts

B.C. Majumdar
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